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Abstract— WcmrAv. sensing is One process of acciiiiring iiifornintion 
fro;n the envivonrnent by tiu! i:se of a S'.’nsor that is not in pbysica! 
contact with the object under study. The iniiitsi-y sctsdccs .■ite ex- 
perienced pr.-'ctitioners of this old, but newly glamorous, art. Their 
Btco.mplishmcnts in the i:r;>.’.rfd, tiiat region lyitig between visible light 
on the one bend end niicrosvasx-s on the other, ate both irnp-essis'e and 
of increasing importance. Our purpose is to pr-ovi-Je an overview 
of these accorirplisliinents. We begin with a brief treatment of tise 
chai.utcristic,s and peculiadties of the infrared por(io:i of the spectrum 
Bud of the sensors ti'st operate there. Early military experience with 
tento'u' sensing by LnCtarcd is described and an applications i.iairi>; is 
developed in order to pr.oy’bde a [ler.spcciive from wl'.ich tire reader 
can view the tuU panorama of military applications. Specifit; applica- 
tio;'-S arc disc'J>,«.d. Th.ese mclude .strategic systems for eeilj' waiuiiug 
of uitDrcontl.'icntal ballistic missile launches, nietliods for the detection 
of atmc-spherSc conttmlnaiUs, such as pyoison gas, untlcr field condi- 
tions, aids for the precision delivery of weaponry (indudLug ptsiti'.-e, 
rwt'vc, tmd lasaruesignatoi guidance teebniques), ant! scr.Joi systems tot 
teconrruasanee s-jid sarveidafice. Wlierever possible, detalt.i of scn.vor 
pctfoinianco ere given. 



1. iNTROOUenON ^ 

ZiT AN 3LVS Di;5:id a remote-sensing creature since 
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very !: CKirsnhi.t’d. Hie ability of his eyes, ears, and nose 
. to sens? condiiious in his surrounding environment 
often meant the diiTurence. between life and death.' Remote 
sensing is simply the process of acquiiing inforrnatioii from the. 
environment by the use of a sensor that is not in physic.?.! 
contact with the object or phenomenon under study. When 
viewed in this context, it is evident that remote sensing is 
neither a nev/ nor a p-articularly innovative discipline. It has, 
however, taken on an increasing importance bccau.se of the 
need for the col'ection of inform .ition on a scale hitherto 
unattempted and the emergence of many nov/iy erfuneeied 
sensors that are, for the first time, capable of unattended, 
long term, reliable operation. 

The military services hav'c, of cour.so, always h.?d a strong 
ijitercst in remote sc-nsir.r. V/het did tlie enemy do yesrerday? 
What is he. doing tf.dcy? V-'tiat will ho do toivo.' tow? These 
are questions of absmuir.g importu.ice and the answers are 
needed day or nifjit, r.iin or shine, v/i.'i or lose. liernotc sensing 
can be done with sciisots op.irating virtually anywiiero in tire 
electromagncfic spec. rum, as well as with such nonclcctrn- 
maguetic types as acoustic and sei.smic. This paper will be 
limited to those ."ipp! cations in which the remote sensinp, is 
done in the infrared portion of the spectrum, 'i’he infrared 
span: nearly 1 1 octaves, extending from lire visible at z v/riv;',- 
Icugtb of 0.75 ;./rn t) the microwave rcgioii at 1000 /.;m. 
Because of aosoiption ry the cci tii's atnKrs.phcrc, only a sruall 
portion of this range is usable for terrestrial applications. 
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Fi?,. 1. Subt^ivislojis of the infrared. 

Solid bodies not at a terrperature of absolute >.ero radj.f.lt 
energy' and, for all practical temperature.s, the Imlk of tie' 
rndiatif>n lies in the infrared. Tor this icasori ir b otter! c--.:' ■ i 
the heat region of the .spectrum, U h convenient to suL-ci;,-; '. 
the infrared into the four pints shown in .inV, 1. These sul 
divisions are somewhat avbitraiy but they are stiil ussfi.d Iw- 
cause the first three include spectra! intervals in which ti- 
earth’s atmosplicrs is relatively transparent, tr.e .so-vilv . 
atmospheric windows, ft h these -.vindows that whl b-'. ut;li ■ : 
by any infrared sensor that must look through the cart.; 
atmo.sphere. In the extreme infrared, which is nearly 6 ocV,-.;, 
wide, the atmosphere is essciwhaily opaque. This iegio;'. ; 
generally used only for laboratory applications where ii' 
instrument can be evacuated. 

Since its discoveiy by Sir William Hcrschel i t IdC*;, ii.;. 
infrared has held a strong fascination for potent?:! ’w... 
Ilorschei, the discoverer of Uranus, is rernenibcr.-e a.: c-.r-s 
the finest observ'atioual astronomers of all time. He had b..: ?; 
looking for a better way to protect his eyes v-hcu oh.rervi . 
the sun and it was tliis search that Jed him to fne rib-cvr 
of what he termed the “invi-sibb rays.” For t]:2 nest T : 
year,: many workers followe,.! UcrscJicl’s lead C;.'.? .medv L'.? 
b3?;ic discoveries that have evolved into in.odvrn iuuv.; ' 
technology. Appucations for iiiftarcd ii:chn;co : cegen t- 
appear shortly after tlie- turn of this ceniury. try the ;iF,;t 
of V/ofld Y/ari, t.hc lijilitary forces of the wo-id w-.’re br'Lmi'?:,' 
to app ly these irTrau'd techniques to the soluticn cd 'niUt.u'y 
problc,;^. Refoic discussing these anplicario:,'?, let us !(■'.;•]; ir, 
more detail at sFe. characteristic.: and pocuhariciv: of ihe inr,-.- 
red icgl'm and of Ihe sensors th.rt operate there. 

n. F[;ND,\X;F.NrA!.S of iKFKArtEO TECrir-'WLOGV 

The elcmcrris of an infiared remote sen;li’g systeri vifc s’..vc 
ill Fig. 7?. burn r.y.siems .may be passive, in which case 1,.. . 
sciise the radiation cinittcd. by a't.aif.et, o: aaire, in u'n.'-!. 

ra.di.i'cjii Inat is renectea by the L.:.rc.'l.' ern . 
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Fig. 2. The cieinenls of an infrarerl remote sensing .system. 


s' I further distinction between active systems in which the illumi- 
I nator is an integral part of the sensor system and semiactive 
I systems that use a naturally occurring illuminant. By tiiis 
; definition, photography with a flashbulb would he .an cx- 
I ample of an active system while daytime ph.otography v/ith 
the sun as an illuminant would be an example of a serni- 
I active system. 

With Fig. 2 as a guide, let us look more closely at the elo- 
piortts of the infrared remote sensing system [ 1 ] . 

A, Tercets 

p With an active system, the reflectance characteristics of-lhe 
: J target are important. Reflectance will vary with wavelength, 
viewing and illuminating angle, and surface conditions. With a 
passive system, the radiating characteristics of the target are 
i.rnpo’t.int. The radiated energy will vary with the temperature 
■ , of the target, its eniissivity, and, to a lesser extent, with viewing 
• angle (a hot spot may be shielded by target structure from 
some angles). Radiation can be grouped into two classes; 
gaseous radiation from hot gase.s and thermal radiation from 
‘ heated solids. Most combustion processes produce water vapor 
j and carbon dioxide both of which, when excited, radiate at 
, cbaisoterlstic wavelengths in the infrared. As a result, the 
I exhaust gases of turbojet, turbofan, rocket, and intcrn.il com- 
I . bustion engines show intense radiation at 4.4 pm from carbon 
■] dioxide and in the 2,6- to 2.8-pin region from carbon dioxide 
j .. and- water v.apor. The presence of tlus gaseous, or exhaust 
plume, radiation often makes it possible to detect a target 

I from nearly any aspect angle rather than only those angles 

i j from which the hot metal of the e;:';aust structure is visible. 

=1 . Planck's law describes the spectral distribution of the energy 
^ radiated by a hlackbody. A blackbody is a tlieoretka! con- 

’ cept, much as are the no:' less receiver and the friction! ass 

j pbr.e, and it represents a perfect r.adiator. By ICirchhoffs 
lev.', good absorbers are good radiators. Thus an aUciiude 

;:'j definition is that a blackbciiiy absorbs all of the radiation 

|| mcident oji it. The raduilion from rcv.iy solid bodies approxi- 

i mates quite closely to that from a blackbody at tljc s-'-me 

) tcmpeiuture. We can estjinate the radiation from .i solid by 
first calculating the, radiation from a blackbody and then 
1 puiltiplying it by the emissivity of tlm solid. The cmissivity 
j of most elect rics! conductors lies in the t.rnge from 0.02 to 
i 0.2 while that of iirsulators nauges from 0.8 to nearly unity. 

I Integrc.tius Planck’s law over rdi wavelengths gives the 
1 Stefan-Boltzinuiin law, an expression for I'lc flux (or pown-r) 

, 1 rediated into a herrtisphore above a blackbody having an 
; j area of 1 c in^ 


temperature in kslvin. Thus the total (summed over all wave- 
lengths) radiated flux varies as the fourth power of the ab.so- 
lute temperature. Differentiating Planck’s law and solving for 
the maximum gives Wien 's displacement law 

X,,.,r= 2898 i2\ 

where is in micrometers and is the wavelength at which 
the maximum radiant exitance occurs. 

Equations (1) and (2) are convenient for rapidly calculating 
the v^avelength at which the radiation from a solid body is a 
maximum and the effect of changes in temperature of (he 
body. Many targets, such as personnel, trucks, .ships, and 
terrestrial backgrounds have a temperature of about 300 K. 
From (2), the maximum of the radiation distribution occurs at 
9.7 pm and, from (1), each unit area of surface radiates 
0.046 W. The liot tailpipe of a turbojet has an effective 
temperature of about 900 K. The maximum of its radiation 
distribution occurs at 3.2 pm and each unit area radiates 3.7 W. 
Tc)-*0lirry the calculations a step further, the sun radiates like 
a blackbody at a temperature of about 5900 K. The niaximiua 
of its radiation distribution occurs at 0.49 pm and each unit 
area radiates nearly 6900 W (althougli the sun is a mass of hot 
gas, rather than a soUd body, the thmmodynamic conditions, 
are such that its radiation very nearly obeys Planck’s law). 

B. Transmission Medium 

The earth’s atmosphere is not a very favorable transmission 
medium for infrared radiation. Before the radiation from a 
target reaches an infrared sensor it will be selectively absorbed 
by atmospheric gases, scattered away from the Eire of sight by 
small p.articles suspended la the atmosphere and, at times, 
modulated by rapid variations in some atmospheric property 
(ill much the same way as the light from stars appears to 
twinkle). Fig. 3 sliovAs the .spectriit transmittance measured 
over a liori^ontel, sea level p;Th 1828 m (6000 ft) long. The 
mo'.ecu'e re.sponslble for each absorption baud, water vaoor, 
e-arbo;i dio.'.ide, or ozone, is indicated in the upper part of the. 
figure, i'hc tr.snsmission curve can be characterizer! by s.iveral 
regions of high transrnissian, tb.c aforementioned atmospheric 
V, indows, separated by inter, -ening regions of high a’nsorption. 
TTie subdivisions of the infi ared,' shown in Fig. I, arc also 
included. Note that each .sidxlivicion includes at least one 
atinospljoric window. The irans.mission depends upon t>;.-; 
amoirhl of absorber along th i path, the altitude of the path, 
the angle the path makes v/ith the horizontal and the '.vuve- 
length cf observation. The e.rU ulation of .the transmi.ssio'A over 
any arbitrary path is a ■diffieii't analytical problem but tlirre 
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wiie:c J’i is called the redic’H cxituncc and is cxpL;.ei.id hi 
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T he theory of scavtorirg shows that a paitidc 1; the mosr 
T'. icut SV C', ; when its r,,-bi;s i-i fviu.T to ihe v'.rvchnruh 
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' INFRAR££> ’ INFRARED 

Fig. 3. Transmittance through the Earth’s atmosphere (horiionta! path at sea level, length 182?^ ro). 
(Adapted from tludscm (ij and Gebbie [2].) 



of the radiation being scattered. Since most atmospheric 
scatterers (haze particles) have radii that are frorrr 0.05 to 
0.5 /am, the shorter wavelength.s of the visible portion of the 
spectrum are scattered much more than arc the longer wave- 
lengths of the infrared. Unfortunately, the particles in fogs 
and clouds have radii ranging from about 2 to 20 iim so th’t 
they are very effective infrared scatterers. As a result, ^Ipuds 
and fogs are essentially opaque in the infrared with tVie conse- 
quence that infrared sensor systems working in the earth’s 
atmosphere can never have a true all-weather capability. 

C. Ilhiminator 

For semiactive systems, the most common iiiumi’iiant is the 
sun. Occasionally, moonlight or night sky glow may be used. 
For active systems, typical ilJuniinants include tungsten lamps, 
xenon lamps, and carbon arcs, all of whicli must be fitted with 
filters to suppress visible radiation, ar.d various lasers that 
radiate in the infrared. It is interesting to note that the 
World War II development of ruggedized tungsten bimps for 
the illuminators in active infrared systems led to the sealed 
beam headlamp that is found on virtually all modern 
automobiles. 


one is wi'Jing to pay the price). Diffraction is a consec -ie ..c 
of the wave nature of electromagnetic radiation and it c.ia 
be eliminated. The ability of an optical syste.nr to form '• ■ ■ 
recognizable images of two closely spaced targets is chcr-;-,' ' 
ized by its angular resolution. In the absence of aberrat, 
diffraction-limited case) the diameter of the blur circl. , 
the minimum angular separation of two equal-intensity g. 
targets that can just be resolved, varies directly with the '.vm 
length and inversely w'ith the diameter of the optics, 
pressed another way, ^'Iie ability to resolve objects with s : 
angular separation is directly proportional to the nunr.. . 
wavelengths in the receiving aperture. Here, then, is one 
fundamental advantages of infrared (or optical) equl .' ' 
Since the apertures of such equipment are thousands of , 
larger than tb.c wavelength, the angular resolution capal'Ui' 
great. With radiation having a wavelength of 4 
ample, a lens with a diameter of 5 cm v/ould have 1 2 
wavelengths across its' diameter. To achieve the same a 
resolution with a 10-cm (wavelength) radar would reqv - -; 
antenna with a diameter of 1.25 km. The importance e'i , . 
number of wavelengths across the aperture is, of comae, tk 
compelling reason for tire development of synthetic ac.;fi'..i’ 
techniques in radar and radio nstronorny. 
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D. Optical Receiver 

Most of the optical jnaterials commonly used in Ihe visible 
portion of the spectrum do not transmit in the infrared 
beyond a wavelength of a few micrometers. For thi.; reason, 
nearly all early infre.red sensor designs used reficctive optics 
of the type commonly used for astrono.mical instrurnentatiou. 
Strong military support following World V/ar 11 led to the 
development of many new infrared-transmitting inaceririls 
and effectively removed any re.sttictions on the u:.c ol refrac- 
tive (lens type) optics. The optics in tjpical modem infrared 
sensors generally range in diameter from abo-ut 5 to 25 cm 
with some specialized systems running as large a.i 102 crn. 

The smallest image that a set. of optic.r can form of a point 
source is called the blur circle. The blur circle is c.aussd by 
aberrations in >$lppi'lGtved:Fioir>Rej0as«'t2.OO2/M/O2r::r6tA 
be minimized or eliminated by the opiiea! dc.slgner (i rovidcJ 


E. Optica! Modulator ' 

In tracking sensors the radiation from the target is oo-.i .-d, 

nrodulated, with information concerning the direction ‘o li i 
target, This is accomplished with a small disk, often c'lbv.' a; 
reticle, carrying a carcrt'.’iy contrived pattern of clear a:,.!'* 
opaque spaces. In addition, most reticles provivie f.i:cn?:.!jf 
asslst.ancc in discriminating a t.irgei from its backgro'-md, h| 

pi:oce.ss known as space filtering. * 

'I 

F, Infrared Detector 

I 

An infrared detector is a transducer that convert-'. i"'rrr;j; 

s 

, adsation iriiosomc other obsen-able form, such as an e)..e..td. ■ 

current, a change in some ;)hys!cal property of a detectai. cr- 
RDP7^.IVlQQlli44ROO03OlM1iQOl1r7Hjitive photographic ii'''..i 
'! here ere two nrutuslly exclacivc classes of dctec’ors. ’■ r! 
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Fig. 4. Useful spectral ranges for infrared detectors (operating temperature of all detectors is 300 K 

unless noted) [3 ] . 
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reason for the two classes stems from the modern concept that 
divides the solid into two thermodynamic systems, the lattice 
and the electronic. The way in which the incident radiation 
iateracts with tlisse systems results in two fundamentally 
cUfrciC, 7 .t detection mechanisms, called the thermal and the 
phCiOri. Radiation incident on a thermal detector is absorbed 
by s blackened coating which heats the lattice. This, in turn, 
affects the electronic system and results, for example, in a 
chrC£C of electrics! resistance or the generat'on of a thermal 
EMT. '.Vhen radiation is incident on a photon detector, the 
phe interact directly with the electronic system to pro- 
du-'i;, 'c: example, a change in the conductivity of the 
dc;.-';'. Many of the photon detectors in use today require 
etc .3 cryogenic temperatures. Since the energy of a 
clv'.o.'i vr-rior- inversely with wavelength, there is a long- 
r, : ' :g\ 7 v',;. evd'off for each type of photon detector beyond 
v.d'icii the energy of the photon is insufficient to cause a change 
^ in JV; coironic structure [ 3 ] . 

Fig. T shev.'s T.rc spectral interval over which typical infrared 
detectors are .normally used. Notice that the response of 
infrared film extends only a short way into the near infrared. 
Infrared film is normally used to record the radiation (usually 
.sunlight) that is reflected from objects rather than that wlrich 
is emitted by them. There ."re a number of thermal imaging 
devices th.'U work at longer wavelengths and sonte arc even 
called cameras. These devices record objects by their own 
radiation and their ima.gery should itot be confe.scd with that 
prodiic.rd by infrared film. 

Kumej oi'.s terms have been used to describe the performance 
of an infrared detector. Sensitivity spiin.gs naturally to mind 
but its uss is not recoimncnded because, all too often, 
sensitivity is used indiscrin inantly to mean sign.al-to r.oiso 
ratio o: simply signal, instetd it is custom;.ry to speak of the 
detectivity of a detector wbicii is now cxprcs.sed quantitatively 
by a pmanifctcf called D* {pi oiioiinci d Dee .star). V/hsn two 


detectors are compared, the 


that can delect the smallest 


amount of radiation is the one having the higher vidue of/j*. 
Not 

It 15 not pc 


lectors can be operated without cooling, respond over large 
portions of the .spectrum, have lower values of/)* than photon 
detectors, and exhibit relatively lon.g response times so that 
they are not well suited for high-inforinatiori-nite systems. 
Photon detectors, by comparison, generally require cooling for 
operation beyond 3 pm, respond over relatively narrow por- 
tions of the spectrum, have v.alues of D* that uic 1 or 2 
orders of magnitude higher than those of thermal detectors, 
and cpcKibit very short response times so that they are well 
suife’d for use in high-information-rate systems. 

G. Detector Cooler 

The requirement for cooling photon detectors has brought 
with it a requirement for convenient cooling devices featuring 
extreme miniaturization, minimum power consumption, simple 
maintenance, and high reliability. Such devices are a commer- 
cial reality and the cooling requirement need not deter any 
system designer from adopting a cooled detector for his 
sensor design [3]. 

//. Signal Processor 

The signal proce.ssing techniques employed are, for the ino.st 
part, quite similar to those ii.sed with radar, sonar, and tele- 
vision. Tiequcncies involved .are usually in the audio region 
but w;;;i .some systenis they may goasliigh as a few incgahertz. 
.Signal levels out of detectors may be as low a.s a lV;wr raicro- 
volts ,so it is cssenti;!! that good low-noise high-gain circuitry 
techniques be used. Preamplifiers have been designed for use 
at very' low teinperatures so tliat they can be pBckagec! di,r.'et!y 
with cooled detectors. Integrated circuitiy has been widely 
adopted and an in .'rea.sing number of infrared sensors no w use 
digital, rather than analog, signal pr 6 ces.sing. 

/. Display 

"'Ti''e'Traal output of tlie scn.ror sy.stem must go either to a 
display for lr.'-;;i,::ii or automatic interpretation c>r to soiric sc,;, 
of control circuitry for guidance or trackin.e; jnuposes. hioet 


.t,,rai Fi£..i do=, oihoj™,. 

t is not po.ssible to o:!;-! a suer!-; i.iiKle ti-.si w'ITTeaa one taues, hipud ciy.s'.T.s, and imotograpTuc fnm, are readily umbie 


to the o 
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Ricmote Sensing by Ini raked 


It is not difficult to uadcrst.ind the anp-al that infrajed 
techniques have for the military system designer. 'Since 
infrared radiation cannot be detected by the human c.ye,4t. 
offers the opportunity to see in the dark, to detect targst-s by 
their self-emission, and to communicate by secure means. 

Military organizatioriS began to experiment with infrared 
sensors soon after 1900. By the time of World War 1 there 
were experimental blinker signaling systems irsable at ranges 
of up to 30 km, voice communication systems with ranges of 
3 km, and detection sets that could detect aircraft at 1 .5 km 
and people, at 0.3 km. Xoither side put any infrared equipment 
into production but the experience gaiired v/ith the experi- 
mental equipment was promising enouglr lo assure continued 
support of its development [1, pp. 8,9, 464-510] , [4] . 

Germany was the first country to deploy infrared equipment 
on the battlefields of World War !!. Early in the war, German 
intelligence thought that the Allies were using infrared sensors 
to detect U-boats and aircraft. This conclusion was erroneous 
but it caused Germany to concentrate much of its research 
and development effort on infrared sensors and on the means 
of countermeasuring them. The Allies, on the other hand, 
concentrated their efforts on tlic development of, radar. 
Germany lest the war but she clearly won the battle of the 
infrared ] 1 , pp. 8, 9, 464-5 10], 

German troops made effective use of an infrared communi- 
cation system, called the Lichtsprecher, in the African desert 
during the major tank battles from 1941 to 1943. Tiie maxi- 
mum effective range of this system was 8 km. The existenqa' 
of the Lichtsprecher remained a secret until the Eriiish». cap- 
tured one in October 1942 at the battle of El Alamein. In 
1943, the Germans integrated image converters into fire 
control systems fpr tanks. These were used on the eastern 
front in 1944 and they proved to be remarkably effective in 
nighttime battles. Why these devices were never used on the 
western front remains a mystery. Night driving systems con- 
taining image converter tubes saw extensive field service. 
When the Allies gained air superiority over the continent, 
these night driving systems made it possible for the German 
Army to move its V-2 weapons across Germany and Holland 
to their launching ramps. The speed with v/hich this was done 
puzzled Allied intelligence who did not know, at the time, 
of the existence of the German night driving capability. 
An experiment.al aircr;>ft detection set, which was probably 
the first to use a cooled detector, could detect bombers (at 
night only) at a distance of 12 krn. In 1943, development was 
completed on Madrid, an infrared seeker intended for the 
guidance of smalt air-to-air missiles. This seeker used an 
uncooled lead sulfide detector and there is some evidence that 
there were plans to incorporate a cooled detector [1, op. 8, 
9, 464-5] 0]. 

The best known U.S. infrared equipment of World War 11 
t/as the sniperscope, which consisted of an image converter 
and an illuminator mounted on a carbine. With it a soldier 
ould fire accurately, iti complete d.eiknc.ss, at targets that wcio 

a. far away as 75 m. The sniperscope w.-i.s first used in com- 

b. :t during the invasion of O/hruiv.-a, Japan, in .‘ipril HJ iti. 

N ght driving systems using ii.Ktge couvci t.-rs were under de- 
ve'opmcnt but were not yet ready for field use wlien the war 


systems, both vcii.e 
and blinker, for naval use and a simple viewer, culiad tin; 
hieti.scope, for detecting the sources tint v/ere required by 
active viewing systems. False-color film was perfected for the 
..detection of camouflage from the air. li remains, to this day. 
one of tlie most important tools available for niultispectr.d 
analysis [1. pp. 8, 9. 464-510] , {4]-{6]. 

In the United Ki.rgdom, an iti.tr.ired aircraft dsteetic.' set 
was tested as early as 1936. It could detect an amcraft at a 
distance of 1.6 km during the daytime and 3.2 ki.n -t n.cht. 
(Most infrared sensors of this time period were bothered by 
reflected sunlight and they usually performed much better ;-t 
night. 1 hoy used either a tliCiaial detector, with no specii 1 
filtering to remove .short-wavelength - r.-i!ar radiatior.., or 
short-wavcleugth photon detector such as thailous suifidc or, 
later, lead sulfide.) The British also flight tested one of ihs': 
detection sets and were able to detect anotiter aircraft u'e 
niatance of 0,5 km. This occurred in 1937 and it may ti ; 
first time that an infrared sensor was u.sed to detect one aio 
craft from another, while both were in flight [I p*' 8 9 
464-510], : ' -’w*. • ’ 

The Japanese were influenced by the German success it h ' 
L-ifrared sensors and there is some evidence to suggest th it t.-.; 
were planning to produce night v.iawers and driving d'i. •...■.■■ 
when the war ended. There is no evidence that the Kus.;;-. r ; ■ 
u.sed any type of infrared sensor duiing World V.'ar 11. ' ^ ■•' c 

Despite the relatively small production totals that v.. - 
achieved during World War II, infrared sensors sliov/c'! svIl. 
cient merit to justify a strong postwar dcvelopnienr ti.nt '.'v.., 
supported largely by military funds, 'i he po.stwar ucriu;- 
rernark.ible for the rapid development o.f new a.nd i'.:jpro7e<i. 
detectors and of infrareddransparent optical matcrir.'.s n 
their application to the solution of a host of military jitbbT.'.i .■ 
Subsequently, many of the sr.i.u; tcchnic.Mj '.vere I 

the solution of industrial, scicuiific, and mcdic'.l probic , 
In the late 19.50’s the release of information on the Sic:- vir. 
and Falcon heat-seeking infrared-guided rmssilej ri..,; 

public fancy, and subsequent applications of mfrarec! remufe 
sen.sing techniques to the attitude stabilization or .scccc 
veliicles, satellite reconnaissance 'of sea-ice condkicAS, crca 
sutveiUance, and submarine detection have been ec'.ciiy 
ported in the news media. 

JV. The Military Api'Ijcations of RKr-RoxE 

SeKSIHG )iY IN,«-RAREI) 

the applications matrix of I’ig. 5 is intended to give (.iu; 
reader a perspcciive from wliich to view the full p.-iror:.;M.’. 
of military applicatioas of infrared lemoto san.hng. The 
tliiee functional elements of any military org:;nir.iucn, s'- 
gic, tactical, and lo.istic. arc listed acro.is the top of ti.e 
matrix wlfcre they repiesent the three classes of iu,,u^.;r.' 
users. At the side of the matrix are listed iiu* fharac-.c-ri h; 
properties of target-e-mitted and reflected ndiation tc.-.t can 


be sensed in ih.: infia-eci. The result is a logic.ii comr- c: 
classification scheme, in the form of .1 3 by 9 c emerit mitri.v. 

A. Ral'lonalc for iha Applicatior.s Matrix 

Let us look more closely at the rui.ctional elirne.nts w.ho aic 
the niiht-.:y- uiu-rt of infrared remote sensin.g. S^racMsir, :-:t 
concerned with long-range planning for tlie i!ioca;i().n e.- 
ended. Sensors fAplf>il!abr®dtF-OircReli^€c2DO2/OjT/02tbeiArRD(?’77^iyiPiQt441RQfl05OfljOeW0i't77T3rc:i!ntv, or iris suc-^ c -i 
as early as 1935. The SS Mruuitania was dttcc:ed at ;; db'anee in attaining the objt.cts of v;cr. 7;ie;;c/jn- api.ly tBcir 

the deploy:. :c!it of troops and to the cxccutiou ofpka'ifn T 


of 2! km and the SS N'ormandic at 28 bni. Otlmr (k.veloji- 
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Fig. S. Typical military applications of remote sensing by infrared. 


actual conduct of war. StratcfO' is the prelude to the baftie- 
ficld. Tactics are the action on the battJcfield, Lo^iitics 
prcv’idos tho means for the conduct of war. By lonij-stc.nding 
tradition, loystics includes tiie elemcnls of supply, transpor- 
tation, p-?rsonncl aen'ices, and facilities. 

Tl:<; left side of the jutciri.': Ehows the cliai'actorisiir,': of 
target-pjritf jd and reflecfed rcaii-lion that can be seu.eci ov, 
put .'iuCuicr way, the functions for which infrared (ii'C 

par ticul'ijly well adapted, otsriioc v/itii li]ie_l, v/e see that for 
p/.ssive sys.C'.os if tlic ttu.;.et radjates in the infrarc-'i, ar.d 


shown in line 3 of the matrix. Finally, as shown on line 4, the 
sensor can sense the peoinetrical or spatial distribution of the 
tarpet radiation. This leads to thermal imaging systems that 
produce i!ii 3 f;ery similar to a photograph, v/itn the exception 
that bjightness variations in the thermal image represent 
temperature differences in the scene whereas in a photog.auli 
they represent differences in reflectance. 

V/Uh .ssmiaciive systems, i.e., those in which the sensor 
reeponds to tiuget-refiected radiation from a naturaily oceur- 
rm~ source, tire spectral characteristics of the iiiuuimant c;-c 


vntuaUv' all targets do to e.:uying degrees, an iiifra.'-cc! sensor 
era d3l,*ct the existence cf the target, detenninc its t'j: .’ciioa 
with respect to sonn; refci .mce, and rense, its rnotio:;. Such 
sensors me the heart of search and detection, traching, and 
guidance systems. Having detected a target, the sensor can 
rneasui 'he total quaniity of radiation roccived or cx;'.n;u!c 


the jsdsuion for any te.vipoT.d 


ans 


is shown on hre 


2, tills infonnation can bs useful for target Kiontificidio!i and 
remctc measurements of tcmpcialun;. .'‘Jtcjiui'iYely, the 

spe ti 1 cVtai.mtKri th s 2002/011/02 * eiA-RDP7e7JVIO0144ROOO3<DOaiO0ilr7H3tor t 

lov 15:13 in tarper j,i 'ntinw iww! lusit p /i^on gas dc-eclic;,, .w on uu s;;;: pert of the sensor system, there me rhree 


known and it is easy to sense tai get-produced changes in th.e 
ii ;iv.ctei1 ip.dialioa. A.s line 5 tho'.vs, such systerris are UL''{ui 
for tarn. it identification and the detection of CiU.'-iscufkigt;. 
F-i liwj 6 wc have imaging systems that result front ssuslng th.c 
g'.'dinbfri '.al and .spatial distribution of the rsllectcd flux, ft is 
in liiis s -ilegojy^ that v/c find idiotographio systrina using 
iiiiraicd -sr false color film for tactical and strategic rcTon- 
r;r:i';3.ince. ' , 

Vv'tth t‘.c;ivc systsrus, i.c., tltore in which tlic sertsor rcsoonds 





PROCEEDINGS OF T:SE iFKE, JANUa::Y i ; 's 


of the reflecj(sjdj5^^i^^fi^^tpj^g^g.,20#2/(§t/O2t:ilBi;^DP-?7l\?HM);1t44RaeO3a0,OM0Ai^ -Siatuxed ixito an 
energy can be d^ctectccl, the prt fee of a target can be inferred, business 


its direction can be determLnsd with respect to the sensor, raid 
any target motion can be noted. Systems such as tJicse are 
sliov/n on line 7 and they arc used for night rendezvouj and 
collision prevention. The geometrical and spatial dhUribution 
of the reflected radiation can, of course, be semsed and used 
to produce some sort' of imagery (line f>). Representative 
systems include those to 'permit small arms fir e at niglit (like 
the sniperscope of World War II) and night driving systems. 
Finally, as shown on line 9, we can sense amplitude, frequency, 
or phase variations and use them for rangefinding, target 
designation, or communication. The most common communi- 
cation system uses a voice-modulated source at both ends of 
the circuit and tire system uses not reflected radiation but, 
instead, the radiation from cooperatiye sources. Some com- 
munication systems in whicli covertness is particularly de- 
sirable, use a source at one terminal to illuminate a reflective 
modulator at the other terminal. 

The reader may have noticed that some applications appear 
in more than one element of the inat:i.\. This is not surprising 
because there are many times when it is desirable to use 
several of tire remotely sensed clmract eristics in order to in- 
crease the probability of a positive target identification. Who 
among us has not, at some time, encouistered someone whose 
face was familiar but whose name we could not recall until 
we heard their voice? V/ith the exceptions of lines 1 and 5, 
the applications shown in the matrix either require, or imply, 
both detection and identification. In the case of an imaging 
system, positive identification often results from recognition 
of a characteristic shape. Is it a truck? No, it is a tn.nkrBut 
other situations are not so easy. Js the crop ui That field 
wheat or is it alfalfa? To asiswer this question by remote 
sensing requires the recognition of e target signature. A 
signature is any unique conibiimlion of spatial, temporal, or 
spectral characteristics of the emitted or reflected radiation 
that is peculiar to a specific target. Once a signature has been 
identified it must be catalogued and made readily retrievable 
so that it can be used to lecognii'e a siinilar target at another 
time and place, i.e., wheat in Kansas today and in the Ukraine 
next month. One currently popular technique of searching 
for signatures is muliispectral analysis in which a sensor, or 
sensors, record in a number of narrow spectral inteivais the 
radiation reflected or em.itteJ by a target. 

B. The Dollar Value of the U.S. Market for Military Infrared 
Sensors 


C. Sources of Information for this Taper . 

The reader will, we hope, realize, that much of tiie infc-n-irt 
tion about military infrared sensors is protected by .eec-iuo 
clas-sification and cannot be discussed here. The lii.e bi-l '..ecs 
what is classified and v/hat is not is often blurred ami poerb 
defined. Our criterion is that publication of an item t.h, 
readily avrdlahle open literature of the world is a clear i.micd 
tion that the item is not, or, perhaps, is no longer, ciassip.eii 
By repeating such information we do not necessarily ii- ui-; 
anything about its credibility. The source of csvli sucli l 
meticulously cited so that the reader, if he so desires, .?.c, ■« 
to the original source and judge its validity for hiniseif. . t 
personal files, which were used extensively for tliis paper, ri 
culled from the open literature and they refie ct rfiOi'G i'll.,.. 
years of worldwide “infrared watching.” We find invain 
much of the intclligence-like information that ■. 

Aviation Week and Space Technology. This .source i; . 
often cited in technical journals, but we believe it i. 
eminently proper for this paper. If the reader notices 
in this paper, they merely reflect cur inability to Ic; 
source, lor the desired information in (lie open iiicraturc 

In the remainder of this paper we will discuss so.mc . 
major military applications of infrared remote sensing, f 
applications include the detection and early vvaniing . 
intercontinental ballistic missile (JCBM) launches, the 
tion of atmospheric contaniin-ants, such as poisor. gas, o.' .• 

battlefield, aids for the precision delivery of we.inaiiry , ^ 

sensor systems for reconnaissance and .surveillance. 

V. Strategic Syste.ms for Early Warming „ 
OF ICBM LAUNXrlES 

The detection of ICBM launches appears to be pi 
applicatio.-i for infrared sensors. In the United St.ates ; 
is .handled by the Early Warning Sateliite'Syslcin (TVASS* ! . ; 
The infr.ared sensor on board the satellite (ciin cntty said r ■ , 
in synchronous orbit) detects fire radiation fro.m the ho; 
of the exhaust plume during the mi.ssi!e’s boo.st, or pow - ] 
phase. Information about the motion of the satellite, fi 
derived from the sensor is fed to a high-speed grouse- , 
computer that calcnlate.s the point of impact of the v. • 
v/ithin about one minute from the initial cletectMi: . .j 
Although the system was clesigired for the detect.’ou of M :-, -'j 
launches it also appears to have a considerable capabiiii., . T 
tlie detection of ship-lauriched ballistic missiles (SI-Bhi). ; 


As infrared matured into a recognized technology, the 
annual sales of ijifiared sensors assumed s;gnificr.nt proper- 
tiorrs. The exact dollar value of the U.S. marr.ct for inibtary 
infrared sensors is, of course, oper. to coasidt:; able specub.fion 
but there arc some guidelines that make it posthblc to provide 
at least an order-of-magnitude estimate 11, pp. 9, 10]. i'oi 
this e.stiiTiate, we define the market so th:t ii includes all U.S. 
military expenditures for the icseareli, develcp.meut, test, 
engineering, procurement, and fi-zld f.crv cc of the infrared 
sensors that aic implied by tlie applicatio:s v.uufi.x of Fi.g. 5. 
Notice that by tlh.s definition tee have incl uJed laser infrare-.l 
devices along with the more classical inliar-.. d censors. On the 


basis of (hi;; market definition wc estinmte 
of the nsarket4RP?;9y§ds'r??t'i 



in 1968, and S700 miliioii in 1974. 


}!crsi:i!-,:}'s discovery of 


capacity of the EV/SS to detect and track muhip'c Ian 
is said to be high enougli so that system s duiati-on \ 
indicate a full scale attack against the U.S. [8 j . 

Very few mea.surernents of ICBM radiation luive bee:; 
lished. Seymour (9] niodclc the radiation fio;n tl'c i 
plume as being equiv.nk.nt to that from .a tihic.kbo.:!,y 
temperature of 2000 1C with a rrdi.-.iit intensity^ oi iCfi ',V? 
ile estimates that actual inisslle.s emit within an oiue’.'vb' 
niiUde either side of this value. Rosenberg et a!. ] iOj r 
measurements of the emission spectrum of .a ker-.-'C!:' 
missile (not finiher identified). Their mei-isureme'ivs su 
fr.i.'-ly continuous einis-siott .simil.ar to th.at of a bia.koc-; / 
temperature of 2000 K. The peak emission from a 2(; 
-RPP77M00144R000300010017-3 

■'R ;(l:r,.u t'.t-ni.sity E a raejsun; of the flux l.a-.vi;:,’, 8 point 
per 'c-yUr 
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latere, ciae’iy cnoiavh, lea than 0 
We ccnclu'.le fjojri our calculation that the detection of a 
povvei'.'-d fCi’M is piohably best done in the near infrared, but 
we hold the reservation that there tn.iy be a probleni due to 
competing sigttals caused by the reflection of simliyht from 
clouds and other terrestrial back.'uounds. Fuitlier information 
on tat- modeling of a variety of targets has been published 
{l,ch. 3). 

A. System Development 

In 1953, the U.S. Air Force initiated Project MIDAS (an 
acronym derived from missile detection and suiveillance) 
[1, pp. 471-474). [11), [12], By the fall of 1961, MIDAS 
sensors had apparently detnonstrated, from orbit, the ability 
to detect the launch of a Titan JCBM [ 1 , pp. 471-474) . But 
the sensors were reported to be plagued by an inability to 
differentiate between missile exhaust plumes and sunlight 
rfeflocted from liigh-altitude <^ouds [8], [13). The roots of 


atinospiiere. 'Plus sensor was said to use a 200u-etsmcnt de- 
tector operating in the 3- to 5-//m atmospheric window. The 
second sensor was thought to be a television-camera type of 
device. The television camera was apparcrUly included to 
detect false alarms caused by sunlight reflertod off of high 
altitude clciuds that might trigger the infrared sensor [15). 
On Marclt 1, 1972 an additional satellite was placed in a 
geosynchronous orbit and stationed over the Panama C.anal to 
warn of SLBM launches from surrounding Atlantic, Pacific, 
and Caribbean areas [ 17 ] . 

It was Later revealed that the EV.'SS successfully orbited in 
1971 and 1972 were developmental models intended for test 
and measurement purposes. Since their performance was 
excellent, they were not replaced. In early 1973 it became 
known that the infrared sensor in the satellite orbited on 
May 5, 19 /1 had suffered a gradual loss of sensitivity [18], 
No explanation has been offered for this degradation. In 
February 1973 the first of an improved model (phase 2) early 
warning .satellite was delivered to the Air Force. On June 12, 
1973 an early warning satellite was succe.ssfully orbited and 


radiation 

lUee-fOLu’t.'is oi the tlux lies at wavelengths from the exhaust plume as the missile rose up out of the 


occurs 
that t 

1.45 /(in, oi:e-h;.df at wavelengths longer tiian 
and one-fourth at wavelengths longer than 3.08 fxm. 

percent lies in the visible. 


t the problem appeared to stem from insufficient dat- on the 
; characteii sties of the radiation from targets and backgrounds 
( when they are viewed through the earth’s atmosphere and to a 
i lack of data on the transmission characteristics of the atnio- 
; sphere. Because of these trouble.s, the program was reduced to 
an experimental status early Ln 1963 [1, pp. 471-474), [12). 
Program efforts over the next several ye.ars seem to have been 
. devoted to measurements of the infrared signatures of ballistic 
V missiles in the boost phase and to improvements in sensor 
' reliability [ 12) . 

Apprre.ntiy these efforts were successful because in June 
1966 the Air Force asked for bids on the development of an 
opera' ! on. ci EWSS [12). By the end of 1966, satellite and 
i-. sertgor contractors had been selected for what was, by then, 
1 knc-'.vn by code number 949. The censor package, estimated 
to '.vciyji about 4,‘I0 kg, was to contain both an infrared .sensor 
and £ camera for surveillance purposes. It was estimated that 
the ir.frered detector would be cooled by liquid hydrogen and 
that the ebjo'.'tivc lens of the sensor would be about 1 m in 
dhmoler [14]. .It was expected that the first operaironal 
setsilice could be launched before the end of 1968. 

cnia! satellite launches, beginning in August 1968, 
v/r:/r uce:' to test system piototypea. In March 1971, the 
Sseyet'ziy o.C the AJr Force tcstllied before Congress that the 
syster. bed proven its capability to detect missile launches 
[15], try 'lO'r/ the system was known by tlie code number 
, 647. "i'iw first launch or an opeKSitional Kntellitc is icported 

to havi; occurred in '-ovember 197fh Plans were to put it in a 
i jyncJiro.nous orbit but tliis v ;w n,.ot achieved because of a 
booster problem. Had th.; ssfchitc reiiched orbit, the plm ivas 
to keep ii over the U.S. f-or veriticidion testing and liters shift 
it to a longitude from which if could cibser'.'e missile tests in 


the IDopks Ikpublic of [if.]. On May 5, I'^/i :i 

.satellite v.'.v’ successfully ph'ccd ia a neat synchronous orbit 
over lb; In'.'ian Ocean, and fls.-. 6';7 .system wa.s con,sid creel to 
be opmu .icnai. Lrom liiis sate'U e portion the infrared rensors 
v/ere sri; to be able to detect any massive launching of Soviet 
ICBM's r id it vras also possible to get occasional verii'ii alions 
of syrtcii perfcirn.'mce by detoctieg inis-.ile launches from 


Russirn ; ■sif.-test ritic-Apppoveorr 
believ.;,: 11 .;;: ttbs inifia! sMcuilc carried two types of sensors. 


st.atjoned over the Indian Ocean. Although no confirmation 
has been given it is thought that tins was a pha.se 2 system 
emplaced so as to supplement, or replace, the original system 
v/hose sensors had begun to Jose sensitivity [19). A, total 
of 8 phase 2 systems were to be delivered on a schedule ex- 
tending through 1974. 

As yet, very little information has appeared in the literature 
about the causes of performance degradations in spaceborns 
sen.^si One detailed report has appeared and it discusses in- 
or()it degradation of the multispectral scanner (MSS) that was 
launched in July 1972 on the Earth Resources Technology 
Satellite (ERTS-I) [20) . This sy.stem works in the visible and 
tiie near infrared whereas the 647 sensor is reported to work 
on the 3- to 5-pim region [ 15 ) , so that one should probably not 
place too much reliance on effects extrapolated from one to 
tb.e other. In the MSS, calibration signals generated during tb.e 
scan retrace interval liave shown a decrease from their expected 
values. J'lie decrease is a function of both time in orbit and 
.spectral interval. It is known th.it during spacecraft thermal 
vacuum te.st some Mylar insulating tape was overheated and 
tliis caused a milky deposit to appear on some of the .MSS 
opiicsl elements. Sines thejc scorned to be no di:gradstioii of 


sensor performance, fee optics were not cleaned before launch, 
it j.s postulated that this coating was polymcd'/ed by expo-sure 
lo solar ultraviolet while i.t orbit. Such a mechanism could 
explain botii a spectrally sebetive and a time-dependent 
sensor d.egr.aclation [20), Since most organic materials show 
characteristic absorption b.ands in the 2- to S /nn region, a 
similar contaiviination v/ouid probably h.ave an obseriable 
effect on sy.ster.as operating in the middle i.nfraie'.l. 

The EVV'SS has been operational, for several years and tlie 
concept of boost-phase detection from synchroi ous erlut 
s-eems to have been proven, llic Air Force has rc_;u..:;tc.J 
fiscal _y car 1975 funds for the pnrciiase of an iddifiorial 
spacecraft, technical support, and the compbetioT’. o; a S' iviv- 
ability retrofit o.o Ihree satellites [21], In October 972. the 
Ail Force contracted for the development of f. (tabiiixcd 
satellite to csriy several special defeiuve expcrimenls. Among 
these experiments vv.is a test of an irifitucd “staring” sotcso: 


ttrPvc! 


■!S of tie: 


647 syslvni 1221, [23j. A, “.staring” scu.sor ir-rc.s a tv/o-.liir.vii- 
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sio^al array, or mosaic, of detectors to stare cor.itaniiy 'at its 
total field of view. As a result, no scanning nioti':'!! is re- 
quited, The “staring” sensor to be tested uses a mosaic of 
about 1000 Jetjjd sulfide detectors coiubiiie'd with compact 
metal-o.xide-seiniponductor (MOS; circuitry. Api>ireiUl>%. 
other clctcctor materials, such as mercii !7 cadmium t-diuride, 
can also be used so that t^e tecimique can be applied at longer 
v/ayelsnsths. The absence .of the moving parts usuaiiy found 
in mechanical scanners may incre~se system reliability but the 
use of a mosaic puts a much greater pnemium on achieving 
reliability in the detector. As a final vole of confidence in the 
use of infrared sensors for early warning, we note that the 
Air Force is seeking industry ideas for a new nuiltimode 
ballistic missile EVv'SS that could replace the present 647 
system in about 1980. The new system would be equipped 
with infrared sensors for the detection of ICB.M launches as 
well as other sensors for detecting nuclear explosions aad 
space tracking [24] . 

B. New System Concepts 

V/ith the success of the EWSS, it has been evident for some 
time that improved infrared sensors will be developed and that 
they may, in turn, open the door to new system concepts. 
One of the most important trends in infrared technology, of 
the past decade or two, is the introduction of new and im- 
proved long-wavelength infrared detectors [3], Moving to 
longer wavelengths offers two advantages; 1) a reduction of the 
interference by sunlight reflected from the background, and 
2) the ability to delect cooler targets. It would appear tliat 
one of the principle changes in the 647 sensor between 1,563 
and its reappearance in 1968 may have been the shift ’’to a 
detector operating in the 3- to .S-pm atmo.spheric window [15}. 
Such a shift could have been one of the principal reasons for 
the new sensor’s reduced susceptibility to false alarms tiiggcred 
by sunlight reflected from liigli clouds. 

As early as 1969, the Air I'orce asked for propos.als for the 
development of a midcourse surveillance system using a low-, 
altitude satellite v/ilh infrared sensors to track ballistic missiles 
after burnout [25]. Such sensors were to use infrared detectors 
operating in the 10-pm region in order to detect relatively 
cold bodies, such as satellites and ICBM’s, during the mid- 
course phase of their flight [26]. The development of such 
a inidcourss detection and, presumably, tracking system would 
be of great significance for an impioved defensive system. 

One of the most u.seful methods for monitoring the testing 
of long range m.issiies is to observe the missile reentry from 
ships or aircraft located near tlie irapaci point. U.S. ships 
have reportedly monitored Russian missile .shots into the 
Pacific since 1961 [13]. Such observation:; should have 
provided an extensive collection of reentry sigunlures. In 
mid 1970, it was reported tJuit tests of Scivict ballistic missiles 
in the South Pacific were being observed from higii-altitudc 
aircraft using special tong-w.iveleiiglh infrared .sen.sor,; [27] . 
The sensors wv-re said to be .'ibk to trac.k the mi.s.silcs against 
the cool sky background alter the hea; icsuliiTig from the 
powered portion of the flight Imd dissii ated. In Mcy 1971, 
the Air Force conducted .a space flighi evaluatum of long 
wavelength in.trarcd detecto.''S operating in the S- to 1-; uni 
regioji. The teporled purpose was to fiirtiier tc.st the ability 
of infrared sens^ors to track it: fil’s duiirm miden-m fli.mt 

development of two special les*: vehicK s for mensurins; the 
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infrared radiation from ICBM’s during midcours--; nigiif. • v; 
unusual aspect was that the test vehicle would be cci 
aboard the ICBM. It would be ejected after launch so oh..: 
would fiy p.io.ng with the ICBM and make, measurc-iiuents of i.s 
infrmed lauiation Ihrougliout the ballistic portion of its tTg.:,; 
[29 I . Such measurements would be u.sefiJ for the dc-l-i, " 
midcourse detection, tracking, or intercept systems. 

The long.-wavele.igth infnircd sensors envisioned for use .•.! a. 
midcoursc system would be relatively immune to rcMcctei , 
sunligr.t, but t’ney would hive to contend witii ti:c iie ,7 
prol lern of possible sensor saturation if the earth entered the. 
scMS-or’s field of view. The various measurement piogram.; : 
a!re;:;:y uiscussed used ionk-up messurements made a 

■ ■ ■ ■■ .ekiu-ound of outer space. The implication was that ; 
'‘‘■y ■ •'..a .'Vbtem would require a low-akitude sitc'iite-. 

. . mconpa-ibie with the 647 systcRj-i.d.ich' 

.^idironous altitudes. Apparently the next 
' "^;gtkjn of the feasibility of c !;;hleourso 

’ V.7; .Jp,3tow close to the earth an cpproi.oi vie 
midcourse ICBM before the- tCiA..c 
lomane earth intruding into its field o'. 

, y he .Air Force announced plans for a bic-:,;gu,;.. :. 
I'’ -v. : '. Tfellite, Mcc5u.''-cinents were to be .nicuo ■ 

hu V .. .. ngiii inirared radiation near the earth’s h..cb 
an iimb sensor [30]. Two eaith-lirnb meaiuiv-y-;..-;,,. 

satellites (ELMS) are scheduled to be launched L".... 
circular orbits during 1975 and 1976 [31]. .A r.-idiemster lo;- 
measuring the radiance^ of the earth’s limb fro.vo i ■ 

logical satellite has been described [32], It uce,v ai- ..t.c/ 
of 4 mercury cadmium telluride detectors cooled to 65 K by t. , 
tw'o-stage solid ammonia-methane cryogenics unit. 

Long-wavelength infrared sensors for space use v.'iil Mmo;': 
certainly use detectors operating in a bacfcgroua-d-Iimitad 
co.ndition. in this condition tlio noise from the detector i, . 
due to fluctuations in the rate at which carriers arc ne.ner.'ri ; 
by photons from the background and subsequently rcco. ; 
biacd. The design principles for background-lhrdted sy.i.; , 
are well known [ 1 , pp. 421-423} , [33] . In addition to , 

the detector a.nd providing it^with radiation shieidi.xg, the 
entire optical telescope as.semb!y is usually cooled. Some ide.", 
of the complexity that tlii.s iistroduces into sensor desi.-.n can 
be gleaned from r. description of a liquid-lielium-cooled infr?!-;:' , 
telescope assembly designed for rocket-borne astroriconi.-..:; 
measutements [34] . 

C. Additional System Applications ' 

An interesting additional use that has been prop.osed for ; 
tile hv.’SS is to veiify Soviet corapilance v-dth the .'irm; J 
CO, Urol c.vit.ements sig.ned as a result of the fir.st round oft';, ; 
strateric-crins-hmitation tail's (SAi.T 1) 113]. Tire agmomenr,. ; 
contain sections dealing with the problems of vc: jflc .Eon. i 
In Aiticle XI! of the treaty limitiug anti-baUisflc jnMrih f 
(/'.DM) system..;, it states; “1. L'or tliv purpose of pro'- i.'ili'.'! j; 
as-suiiiice of C';;iipUa icc with the provisions of this 'tr."../, ‘ 
each I’arty shall u-rv riU onal technical msau.'.of verlficaticn ■ • : 

2. Eacli Party undert. kes irol to interfere with tlu; nrtio:-.' 
Icchrhccil numns of verihearion of tlie other Party • • m [ 

the “natioir U tcchnica, m.,'ans of \eritkation” svjiM.’M t-j 1.. J 
U.S. a.re the i;ifrared .ensors of the li-WSS, Although, till, f 

■RDP77:IV10O144ROO(i)t3QOP1OOl7f3v< r. rUm, in / -'v' I 

dnf-'i j!;, ne: enit ioUd Ear!?, :;v .: per iiitit tU i-irfec? aria c'-U/c!.:' I 
or. to dircciioj^. I 
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tliey ai'.o piovide a c ipp.bility to monitor Soviet 


missile tests [13], A'’, Jii ionai S.-M/f jereements may extend 
to a limit on tn.e number of inissi’e tests allowed per year [Sfi 1 . 
Kespin;’. traclt of such Isuuclies would be simple for the 
satellite borne infrared sensors. Since the infrared sensors, in 
conjunction v/itii a tiround-b-ised high-speed computer are 
said to provide missile tr.ijecttuy information it seems possible 
that the sensors could also detect the development and testing 
of terminal maneuvering system.s [7] , [ 13] . 

VI. The Detection of PotsoN Gas Under 
Field Conditions 

One of the most frightening aspects of war is the possibility 
that an enemy may use poison f,';s. Gas was used extensively 
by both sides during World War I. It has been noted that in 
1918, German factoiies were producing equal quantities of 
chemierd and high-explosive munitions and that by 1919 the 
war T/ci.ld have been predominantly a chemical one [36], 
The cr.i.ncip.al chemical agents of that era were chlorme, 
ph'^'Am .-e, and mustard gas. Their general physiological action 
'.ACS .’r.T't'-.tiDa of the respiratory tract and lungs after inhalation 
and cf the skin and eyes upon contact. 

Tao ••c--. n! poison gas is prohibited by the- Geneva Protocol 
that r-es yen.nred by the League of Nations in 1925. Not all 
n.nF.ocs signatories to this protocol and it has, unfor- 
t'.m.rt',;y, r ot had the desired result of coinpletely banning the 

'.7. j A ' .0 of V.'crld War II advances in chemical technology 
had. a ' to systemic poisons which would affect the entire 
body. These cystemic poisons became known as the nerve 
gases. Tb.e first of the ne."ve gases, Tabun, was discovered in 
GtAtuany i.i 1937 during a search for more potent insecticides. 
Oihr.r rsor.vuers of the family, .S.nrin and Soman, were dis- 
coy,irit., shortly thereafter. Tabun was put into iiroduction in 
Gerrnsny in the spring of 1942 and by .April 1945 a total 
of,,l_2 COO tons had been produced. After World War II a 
GeVmrh" Tabun plant was dismantled and moved to Prussia. 
Sub.sequent work in the United States concentrated on Sarin 
because, it is several times more lethal than Tabun. In the 
U.S. nerve gases are juven the prefix “G”. Tabun is designated 
as “GA”, Saiin as “GB”, and Soman as “GC” [36] . [37] . 

The gases of World War I generally gave some warning of 
their presence by sioell or iniLation but the neiTi; gases are 
coloiless, odorlo-ss, and tcwreless. An antirlote tor the inhala- 
tion of p. small quantity of nerve g..?.5 is an injection of atropine 
tartrate. It has been /..‘poried that all. U.S. roldicf.s in a b.dtle 
area carry a 2-rpg. tube of the substance that can be injcclca 
autonaiice’ly by pusHirg it mdnst a large muscle [37]. 

gaii.st ntjve g.icfS but there 
a suuicienily early v.c riiiT!g 
so that they can be donned pri .;r to .gas inliptation, 

A netb.od for the bstibefielc’ detection of very sm dl amounts 
of fhai 
Use de 

! 


s'piks offer an effective defeice ; 
siust be some meariS of previrun.: 


under surv'cilbnce and is returned by a retroreflector. The 3 
chosen wavelength intervals are separated out of the iclurn 
beam, by a ditfraction grating or narrow bandjuus filters, and 
.sequentially delivered to an appropriate infrared detector. 
The ratios of tiie three signals are noted for a clear atmo- 
sphere, i.e., one. in which there is no Sarin along the llne-of- 
sight. If Sarin is subsequently introduced in the area, the signal 
ratios will change, triggering an automatic alarm. Coticentra- 
tions of Sarin as small as 10"^ nig/ni^ could be detected wi-ii 
the sensor described in the patent. The median lethal dvrse for 
active men is about 25 mg/m^ (an i.nhalation dose lasting one 
minute). A single inward breath at a conceiitr.ation of 
250 mg/m^ is fatal [36] , [37] . 

This detection equipment is called LOP AIR (an acronym for 
lonz path infrared). A comparison of the numbers fyven in the 
preceding shows that it can detect Sarin concentrations that 
are more than 3 orders-of-magnitude below lethal doses. The't 
LOPAIR sensor described in the patent was not used over 
path lengths longer than 200 rn. The- limitations impo.ssd by 
such a .short path and the need for a retroreflector make the 
equipment unsuitable for any tactical situation. However, 
there seems to be no reason why an improved version should 
be subject to the same limitations. The detectivity of a modern 
cooled photon detector, such as mercury cadmium teliuridc, 
is .about 2 orders-of-magrntude higher than that of the thermo- 
couple used in LOPAIR. With this change, it sliould be 
possible to eliminate the retroreflector and source and replace 
them with a naturally occiuring terrestrial source, such as a 
distant hillside or, bluff, V/ith these improvements, several 
LOP/.Jl( sensors suitably deployed should be capable of 
monitoxring an entire battlefield. 

The general principle described for the operation of LOPAIR, 
comparison of the transmission in two or more narrow spectral 
intervals, one of which contains an absorption band of the 
substance to be detected, is used widely for indu.itriai process 
control and for the precision determination of water vapor 
in air [ 1 , pp. 524-527, 596-598] . 

VII. Aids for the Precision Delivery of Weaponry 

The inilitar>’ system designer is constantly on the alert for 
new techniques to enhance the pre.cision and speed with which 
weapons can be delivered. Not too long ago it could take 
monrhs, or even years, to carry firepower to an objective. 
After delivery, additional days or weeks were often needed 
to api'dy the firepov/er in sufficient qimntity to achieve the 
desired rcsidts. Introduction of the airplane compre.ssed the 
do'iivery time to hours. Missiles have compres.'ed the tmie to 
mimues or F'.'cond.s. A steady increase in tiie pr.-.cision oi 
dtilvviiy has accomp.anied tltis time compression. Infrared 
giii.lance tcc'iuiques have played an import'int role in tins 
improved d-, h-Auy accuracy. There have b-cen three quite 
independent stages in Ihe utilisation of i.nfr.a,red for this task. 
T<F.se sisges included infrared .guid'mec for small ?ir-Io-a!r 

I 

missiles, baltlefiald support missiles ' that use infrarevi as an 
clein-int of ilieir command guidance systems, and hssr guidance 
for the delivery of a variety of weaponry. 


peered some yer..r.5 r .co in the patent liter dure [38] . 
loi\ method involves the sensing of charges iit th.; 
spectrii! C!!?.; i-.'.'.ciistics of radiation 

throur.h an .-•i nnosphere cont .dniag the gas. Satin ex'-ihits y 
chgiMClc’iMic absorption band si a wEvdenAh o; 9,5 pin. 

Tree princA'le used for its detection is to nio.nitor Ate. trans- 
missio’t in three narrow spectral inteivsk, one is centered in 

tm; Sm m r- n orption 20t)2/ai/02': GlA^RflP77MO®t44PlO®03GW)O4OO17u3 i ’ 

isUte'vJ i-i abserp' ic'U-fre-: ai 9.25 and He-' /un. i; ear oieking missile. Mi-;silcs tli.ontdu tv! use pa 


A. Fa.isive fnperiv 'Guidar.ci' for Air-to-Air Afissiies 

Of all tlte niilitniy app-lications of infrared, probably none 

frared-'-tiided 
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'sciiso!'-; for ^j'i.iani’e ;nE snown in j'if,. 6 (missiles to 

XGS active ii Ircrfd r.uidc'!-;'.; tethni .;ijes will be discnssed later). 
Since E total of 10 couT-trics are listed in Tig. 6, it is clear that 
no country cnjoy.s a monopoly on infrared guidance tech- 
niques [ 1 , p. 4t't0) , [39 ] -<'13 ] . 

The basic concept of the infraicd-puided luLssile v/as explored 
d-aiiiig V/orid Y.'ar II but iViC sir.lc-of-the-art iji detectors and 
other compoiicnts v/as not capable of supporting production 
of such a missile [1, pp. •156-469], While only liriiited nppli- 
Citions of iisfrared techniques appeared on the battlefields 
of V/orkI War !I (and these were almost entirely active 
systems) great progres.s vres made in the development of pho- 
ton f'etectors. The thallous sulfide detector, responding to 
1.4 pirn, was put into production. Tiiis, for the first time, gave 
th.e i.iilitary' system designer an infrared detector with a re- 
sponse time short enough to permit its u.ro for missile 
guidatice. Dy the end of the war the lead sulfide detector, 
resporiding to beyond 3 juu, had been developed to the point 
v/h,ero it too was ready for production [3] , [44] . 

By the late 1940’s, the development of infrared guided air- 
tc-rir '■.'tccl'es had started in the United .States, France, United 
rllirijdom, and the USSR [U pp, 479-486), [45], By the 
li'.v 1950’s, these programs had born-e fruit; the U.S. had its 
Sidewinder and Falcon, the U.K. had its Firestreuk, Franc'e 
had it;! Matra 511, and the USSR had its Atoll (which, it has 
beei'i ficted, bears a striking resemblance to the Sidewinder 
[i, pp. 479-186], [46]). Tlie effectiveness of these new 
mirsi’.es coaid only be assumed until a tragic accident in 
Apiii 19-51 in which a U.S. Air Force B-52 bomber was shot 
down by a Sidewinder inissile inadvertently fired from an I'-i 00 
■ during a training flight. The typical behavior of hsat-seckiug 
nristlles was, for the first time, revealed in the public press 
when it v/as reported that the missile entered the exhaust 
section cf an engine, causinf; it to explode and buckle the 
wirig [47]. 'It is not certain that the missile contained a I've 
warh-iad but, whether or not it did, the high speed entry of 
il'-b missile directly into the engine .e.xhaust was sufficient to 
b.-ing about the kill (a 6idev,'inder lA missile ha.s an overall 
■kii.gt(i of 2.83 m, a body diainetcr of 0.13 m, a fin sp;in of 
0,56 in, a launch weight cn' 72 kg, and attains a niaxirnum 
speed of Wach 1.8 [39], [42], [45]). The resulting a;;s<i 
killed 3 of tl'.c crew ri'.ernbfis of the iJ-52 while the otl'icrsv/ere 
, able to p.-rf.-chu/e to .safety [47 ] . 

Infrr.rcd-gnided air-to-air mis/iles made an early, and effec- 
tive, in Vietrism. Tne first MiG-21 to be tlov/ned 

by U.S, pircraft in corar.r-.* o-.'cr North Vietnam was rep'orted . 
to be the victim of a Sidewinder mirsile fired from an F-4C. 
The MiG miied a pair of Atoll misti'es birt apparently never 
got in pot' pee to fire the/ii [48], Numerous Kimilar acceumts 
Fjv,-, f-ppe-si e d [1, pp, 179-4'J6] . In June 1967, during the 
sd -day Amb-lsraeli V/ar, Atoll miv ilrs were used succcssfu’ly 
by tb,' Ar.rb?,. On the secom,' d;iy of the war, air Ir.rqi Mi.G-21 
fired :m AtoH at an Israeli Mil's,,;; 3CJ. The Atoirchnrecter- 
Uvleeliy IjOii.cd on and rRion'ded n-ar tire tailpipe. Aishoiigh 
the e/.e''o;;ic):i manyied the .‘i’c end of the Mirage cr/d damaged 
its cn; ii! .', tb.e pilot was .able to los-.; the MiG by divur-ginto a 
bank <j:' clorr.'s over t’u' ?c.a of ■G;;'l're and eventually bud 
r.t an eri'crycncy b'e>e. On a/iotlu-r occasion Fi-yptiun 
,MiG'21 fired a salvo of Ato'l missi:..s that pr.sred an Israeli 
.vircr.ait within what w.is thougb.t to be nonruil kill range, 
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fighlcrs were destroyed by Shafrir missiles fired from IsH'.eli 
F'-4 aircraft (49). The .Shafnr is an infr.'ired-guid.'u.l missile 
developed and iiroduced entirely in F.,rael, Devclopr.tent of the 
missile started in the early 1960's and it was declared opera- 
tion.'d in 1969. The firing sequence is described as being ex- 
tremely simple. An automatic technique is used for adiieving 
target acquisition. A blinking signal light alerts tire pilot to an 
impending acquisition and an accoustic signal in his Ireridsat 
announces its achievement. The Shafrir can be fired at alti- 
tudes up to IS km and has a maximum range of about 20 krn 
[39], 

Despite these successes, infrared-guided missiles v/ere nor 
wii.houl their problems. It sometimes happened that the n'issile 
seekers were decoyed by sunligiit reflected from clouds in the 
background. In addition, the apparent limitation to a t.ail 
attack became an increa.singly serious factor in their tactical 
usage [45], [50], [51], Both of these problems were a con- 
sequence of seeker operation in the near infrared. At the tim? 
th ese missiles were developed, lead sulfide (uncooled) was the 
obvious choice for a detector [52], As shown in Fig. 4, these 
detectors do not respond much beyond 3 /im. For this reason, 
the seekers were designed to use the 2- to 2.5-/nn atmospheric 
■window. Since there is no emission from the exhaust plume in 
this window, these seeker,-, could only home on the hot metal 
tailpipe of jet aircraft [1, ch.3]. Hence, the limitation to a 
tail attack. Interference by reflected sunlight has always been 
a problem in tire near infrared. Many of the infra.red sen-:ors 
that were developed duri’ig the 1940’s and 19.S0’,s were so 
plagued by sunlight that they were used only at night. For a 
while it looked as if infrared sensors would be permanently 
rel/.v.af'id to nighttime-only operation [1, pp. S, 9, 464-510], 
[d'k. Most missile seekers used a reticle (optical modulator) lo 
generate the error signal; that fed their tracking loops. Reticles 
are an effective means of cliTuiiiating much of the int-erftrencs 
from backgrounds beca-use they discriminate againsi soarcce, 
such ns clouds, that subtend large, angles [1. ch.6]. Even i.he 
best reticle technology, however, could not guarantee back- 
ground immunity for these eaj-ly seekers. 

These seeker problems were alleviated by the a-doplion of 
improved photon detectors, such as indium entimonide and 
lead selenide, that appea.red in the late 19S0’.s [52], The 
response of these detectors e.xtends to beyond 5 /rin so th-at 
secke.rs equipped with them can use the 3- to 5 -am atmcsphcric 
window [3], The price paid for the lorigcr-wave)i.!;,:igti: re- 
sponse i-j the necessity to cool these detectors to the Icmpe-ru- 
turc of liquid nitrogen (77 K), V/hei'r one examines tb: effect 
of tr,;s shift t'-j longer wavc-kin.gths, lie finds tlnit thci-e isin-o/e 
tan-oi radi/ition and less iittcrfeiencc from soiru- -,x-;di;;tir.>n, I'iir- 
radii! ion from the hot metal of a jet aircraft tclhjipe i; simihir 
to tii/t from a blackbony at a temperature of .-sb-ont 900 M. 
From Ciiuati-tin (2), the nvixlmum of the radiation disi.ribntioi 
lies :<[ about 3,2 /rm. A more compisle analysis of tlie t/!U.'i.;e 
ict’kiiirm sliova; that nearly 3 times as raimh energy is radl-ticd 
in til.*. 3- to 5~/(>ji window a;; in the 2- to 2.5 prn v/iudo v. In 
addiimn, the c/ergy in the luidsghf reflected fioui the back- 
gro*’ !•.! i;? lower by at least a l.rctof of two for the longer ■w.ave- 
lcn,'4i winderw [ 1 , pp. 85-98 129-136, 438“‘i:-.21 . 'i'hi-.s Ti.e 
a->v-.;!:.b.4j(y of dcicciers for tli ’ 3- to wimiow offeri -J i:h-e 
sy.'tem dc.si-.,ner an order-of-iin rnitude i.'icreuse in iV-.e ratio of 
u-esirod target, to un-'.lesircd backgrouiid radiation. 

: O1ATRII)P.7!71VIOO144RQOQa0QOllOO1 7^310 a s ir ft to fi / 

Km: wnv.deiigth window. 'I'his is iim ability ot ibe '/u.- jr t / 

ho: ,. 0.5 the radiation from the plume of liot esharst ; 
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proccises result in the foimation of carbon dioxide aiid v;atar 
vapor. Heated carbon dioxide radiates strongly ir. a nairow 
region near 4.4 /im which is, i.n turn, convejiieutly located 
wthin the 3- to 5-l^m atmospheiic window. Since an exhaust 
plume may extend for 0.1 krn, or more, behind the aircraft’ a' 
seeker that can cense plume radiaiion v/ill not be liniited to a 
tail attack but wiJi, instead, ha-.'e an all-a*spect attack capability 
[1, pp. 85-98, 129-136, 438-452]. Missiles believed to have 
plurae-homins capability are so noted in Fig. 6. Another clue 
to such a capability is, of course, the use of a cooled detector 
[S3]. 

The next group of problems encountered with infrared- 
guided missiles were more fundamental in nature and required 
considerably more effort for their solution. The problem was, 
in short, that the missiles were not being used in the type of 
• war for which they had been designed [54]. The rnksiles, 
developed as they were in the 1950’s, were do.signed for the 
deterrence-and-massive-retaliation scenario in vogue at that 
time. Under this scenario, interceptor aircraft carrying long- 
range missfles would be matched one-on-one with single 
bombers that had been programmed to hit specific targets. 
When these missiles were finally used it was in the close-order 
combat of li.mited war. Such combat required a missile ih.rt 
could be Hred at short ranges from a violently maneuvering 
aircraft and one that could not be eluded by target maneuvers 
[451. 

The Sidewinder lA probably came closest to meeting the 
demands of the times in which it was used. It was developed 
by the U.S. Havy for use by fighters providing air superiority 
for fleet protection. The Navy scenario envisioned cnidge- 
ments between two fighters, rather than between inter- 
ceptor and a bomber. Tactically this meant a continuation of 
the dogfight tactics used in previous wars. Dogfight tactics call 
for short-range we.aponry and highly maneuvsiable aircraft. 
Tlie prime tactic in any dogfight is to maneuver into j position 
on the tail of a target. What, then, makes more sense than the 
development of a missile that will home on the engine Jieat so 
copiously available at the roar of a jet aircraft [45] , [51]? 

In order to launch a Sidewinder properly, the launch aircraft 
had to be pointing at the target at the time the mis.rile was 
fired. ITiere were times in a dogfight when this requirement 
could not be met. If the missile v/as fired while the launch air- 
craft was maneuvering, the high-g lo.ading could seriousiy de- 
grade the performance of the missile. A lateral loading of 
3 g’s at launch would, it was said, liave made the missile worth- 
less [51], [55], 

Sidewinder had a minimum launch range of about 1 km 
which is also about the maximum limit for accurate gun.llie 
[51 ] . Pilots in the heat of a dog.dght had to nuiko ihe difficult 
estimation of target range before they could make a choice 
between firing a gun or laimching a rnissilc. At long range, in a 
standoff situation, identification, friend, foe, or neatiaUIFl’N) 
problems arose because pilots were naturally hcsitiuit to launch 
a missile without a positive target identification. 'Ihe appear- 
rince of N for neutral in IF'FN symbolizes another new 
problem that has been handed the pilot. With the permhsive 
environments often foui.u in linnted w.irs it is rot at aU 
uncommon for combat pilo(.s to encoiMter co.ii-neicial air- 
liners. Visual identificaticr; of targets is said to bo sifective 
out to 2 or 2.5 km. In the abseme of ai.y Qtiu'LliTiji.i'toce- 
durcs, it was lluAeRfWi^f? 
range for Sidewinder [5 i ] . 


veer :md « h. 

redesign of both tha njLcile .-md its seeker. In cirly 1939, 
was announced that the Air Force and the hi’w/ were c 
plorii'.g the de.;iivn of dogliglit missiles, 'ilitse missiles w.;re ^ 
be hifrared guided by seekers having an all-aspect attack cap 
bility, they were to have a short tninimum-uring s.rnge, a. 
they were to be cnp^able of very l'-i,gh n'latieiiveriic; rates ( i , , 
479-4o6] , [56] . .The current result of fnese pro^e .’.r.is is .igp, 
a thrust-vectored missile capable of turning ISC in i-es,; th , 
1.5 s while traveling at a speed of neariy 1 kiu/s [57]. 'F 
seeker is said to be homsed in a pillbox-shaped nose sectit 
which enables if to look “over-lhe ‘shoulder” for t- zk': 
targets that are maneuvering at high ajigular rates i, 

evident from Fig. 6 that the U.S. is not alone in the divUo 
ment of this type of high capability missile. 

Among the surface-to-air missiles that are shov.-n in I i_. 
are Redeye, its probable replacement Stinger, and Cfrii. 
raissilss will have a radical effect on close air suppom 
tactics of the future. For the first tim;, these rc.utrbk m 
the individual foot soldier a leihal match for arn:sd Uillc?-, ... 
and close support aircraft. Tl'.e Redeye concept is to luri:; i 
infrared guided missile small cnougli to oe carried by or- .>s 
and light enough so that he c-m fire it fio.nr bis ri:oulr.vr c 
very short notice. The first public firing demonsriat:.:/:-.:., -■ 
held in October 1964. Targets included a drone ’'’9F move 
at 750 km/h across the line of sight and a drone 0.ri-i 
helicopter. Average firing ranges w'erc about i.S km I-., y 
479-486], Stinger is an improved version of Redeye ih::: 
said to have a plume-seeking capability [39] . 

Very little is known about the Soviet program that i.-d , 
the development of the SA-7 Grail missile. It is probcf>' 
descendent of the Samovar missile, which was cbscric nl 
■ 1959 as an infiared-guided suifacc-to-air missile for u.-e r;; 
low-altitude supersonic aircraft. The u.seful ra.nge of Sm.n, 
was said to be aboutd.Skra [ I, pp. 479-486} . The exU:; 
of Grail has been known since 1969 and it was, until recer: 
called Strelia. It was given to the Egyptian Aimed Forcer . 
1970 and introduced into Vietnam in the spring of 1972. : 
remains to be seen whether it will be generally deployed -withr 
the Warsaw Tact countries [43]> 

Both the Redeye and the Grail system consist of the a-cH; 
missile and an expendable iaunclrer. initial aiming is u.-.. 
visually and it is believed that both systems sign.u the op: 
when there is sufficient energy to permit missile ti-ack-u-g. 'i.-. 
operator must determine visusilly whether the targ-ct is wjF 
the fligh.t envelope of the missile. IFFM is a major prob;; : 
During the October Middle Fastern war in 197.5, the .‘..i 
forces launched the SA-7 Gr.iil in bjlterie.s from radcr-cQu:':'.- ■ 
tracking vehicles (which represents an interesting cvct.r: 
from the original shoulder-fired concept). Kuridrcd' 
rnissilss were launched wnthui short periods of tim -> h .:t o 
relatively fev,- Israeli aircraft w-jie do -v;: J, even Ih-msh r, 
of the rnissUes scored direct iail,dpc iiits. This iviay ir'-.b..- , 
that the warho.id cniried by Gtail is too sro.i!! to cati..'.; !.: 0 . 
iamage in most encounters with jet aircr. ft [5.8], 

The Rcucye storv' has a fsscinatLng S'Cqro'; ii has b'-' i.n .-kd.. 
to the .'iifenal of weapoirs used to guard ii-.e V/hite House fS'- 
I ally ill 1974, two attempts, one of them s'.'..c.::;sl-u, -w 
1 . ado to pe.not.a'.e the restricted rdr space su'Tr'-a.d; 

P tblic biiilding.s in the Washinston, D.C., area. Ir- the sue-;.-. 

future kmding attoiiiDt; but it remains to be soon '.vh. uh:- 




i officin! will dare to approve its firing oyer the heavily popu- 
; I lated riietiOpolitan area. 

! j B. A Infrared Guidance for Battlefield Support Missiles 
l| ■ Combat troops have their o-vvn group of battlefield support 
1 \ Among these are relatively short range missiles that 

! | cfiti be v.r.}:l against tanks atid other armor, fixed objectives, 
f.nd ?c'.v-flyir .3 aircraft. As shown in Fig. 7, many of tliese 
lY H-p’tS "W, cf infrared techniques for missile tracking, com- 
!5 ptuiwi yr’i:^r>-;c 3 , and beam riding. An early forerunner of a 
I I .■hf'-.’.y dcphoyc-d today used an optical sight to acquire 

i | r.s'' yti-e target, after which tlio missile was fired 

] ' • • dp. i [dl}. V/hsn tlic missile entered tlio field'of 

I , 7 ' cigVri., the operator, using a miniature job stick, 

' I ■■ stcerbs signals that would direct the rnissils 

I K.'i'";:*- the target. The steering sijmals were, in turn, trans- 
sdtttat jnvjsile over a trading wire or via a radio coni- 

i ^ itisne hov. Jp effect, the operator became part of a servo 
: i looi;, a system has a rnrrnber of human engie.eeriug 

i I problems associated with it as v^eli as the fact that i.n bad 
I, i wc7t;' uedar adverse lighting conditions, or at irirdit, it may 
^ be ditfV’i'U OS' impossible to see and follov/ the iid-aiilc. The 
: 'Idg'CTl 'sclution to this problem is to mount a pyroteclmic 

i: i ilisre cu the roar of the missile to improve its visibiiiry. Since 
I I most py,o‘ecin;ie f;;ries emit more energy in thein!Va/od ,bc.u 
i i they (k) in tJu; vikble the next step v/as to add an infrared 
I 1 rensor that would outom'iticrHy accpiire and track the iiarc- 
I ' ciKmeritOi! missile. Tim systesn mast still have ms optical 
i ^ tk’ii, but iim opemlor’s osily funciioti is to keep tije iarget 
i •; centered cn its cross hairs. Steering signals arc gceoialcf! by a 
i ; shnpltf c;:;'^-pviter that comjwrcs the liac of sight of ii'c r rfra- 
t ;j red tr.m'rer v/ith t'.Jt of ih; ccitiaa! sight. A fiiithoi refine- 
j I riant is io ; iec the flare its ocn ci^piatarc, a uniopre spectral or 
: i tcmpOiKl c) racterirtic, thai can be iccognizod by Dm infra- 
! ■ red rmcirev- ii, pp. SOg-piOi, Idl], [42]. the ermiysis and 
I I opttmi.' dk' ; oi such a systein 1: .s been dcscrii’Cd [61 j. 
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Y/ar n. Such systems u.se a laser target designator to iliuminate 
a specific target while a sensor on the weapon homes on the 
reflected laser Ulumination. Apparently, most designators use 
a neodymium yttrium aluminum gamed (Nd:YAG) laser that 
emits in a very narrow infrared band at a wavelength of 1.06 
/ini [62], [63]. At this wavelength the system can be cou- 
sidored only partially covert."^ In addition to possible 
det^^ti6n by the eye, the irrfrared image converters in the niglit 
dAving viewers found on many military vehicles respond at 
1.05 pm as does the Mctascope {!, pp. 296-300, 49S-502]. 
Of course, these methods of detection are far too ccsiCil to be 
considered adequate for warning purposes. It has been re- 
ported that a microminiature infrared alarm has be.en developed 
that will alert tire bearer when he has been illuminaLed. The 
device is said to be small enough to be attached to a soldier’s 
uniform. Estimates are that it will provide an aural warning as 
v/eli as indication of the direction to the illuminator [65] . 

The addition of a receiver to the basic la.ser designator allov/s 
the dstcrrnLn.ation of slant rajtge to the target to be done 
cimultaneorisly with the designation function. Cecnuse it is 
tisurdly .deniable to know slant range, the multifanctioii laser 
designaior/i.-u'.gefinder, or illuininator/rar..ge:'indcr, has ijcco.uie 
itmre.asingly popul.ar. Some of the rie'wer dcsignator/tarm.e- 
iinder i.’rdts are programmed to calculate range on every /.'fi’i 
poise. La.ser designators we-kyiing o.nly 4 kg have bcc.n de- 
signed for t:se by ground iroopj. An optional clip-oa 
adds a v-myafinding capc!)ilil:y wdien desired. The device ii 
confiyo-cd J .0 it handies like an M16 lifle. A photo of the 
device in action irdicale.s aa effective range of severe! 
’.ilometers [63] . 

The use oi: an aithonte designator may bring with, it the 
requ.iie-jv.eitt for a stabilized meant. One of lire br./ 


■ '--f-Vo: V' tc.'.v people are awaie that the lesponse of do hu’v.'ir. t yo c'c- 
!o heyon > J ,ini. Griftiu a ■;!. [6'1j iO';ri.'e.r,*a Ihe 
i-ponse of i:io tye.,OLit to a waieleii-th of 1.05 vh :;e t'l-.- c'.e'c- 
rip'ocie 7 y X i0"t’ tinies Us pe.Cc Miiue. 'Ihey ccLei.lexU u. 
v.v>vo!',T.;;iu:i beyond 1. 1 ? ;nn tire rt sponse of the eye wouil t Ir s I'c i 
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pulses per second. Each pulse has a durafion of 10 ns. 'ihe. 
beam wJdih is only 0.6 jrirad, i.e., al a distance of I km the 
diameter of the beam and, hence, of the illumhu'ted spot is 
only 60 cm. It stems evident that use of such a na'.Tov/ beam 
from an aircraft would be nearly impossible without a 
stabilized mounting. 

To further enhance, the versatility of the laser designator it is 
often packaged in conjunction with a low-light-level television 
camera or a forward looking infrared (FUR) imaging sensor 
(which wUl be discussed in a later section). In such arrange- 
ments the d.esitunator and the sensor generally share the same 
optics and stabilization. The operator car. identify targets 
seen on the sensor display, select the desired one, illuminate it 
with the clesrgintor, and launch the la.ser-guided weapon. One 
such system, the Pave Knife, is .said to be able to detect targets 
and achieve acquisition at ranges of from 5 to 1 1 km [62] . In 
the Pave Spot System, which is intended for use by a forward 
air controller, it has been reported that an illurninator/range- 
findsr is combined with an image inlcnsifisr for the nighttime 
accjuisition of targets. The Nd;YAG illuminator weighs 12 kg 
and its associated rangefinder can raiige on targets as far as/ay 
as 20 km [62] . ilie Long Knife system consists, of a pod- 
mounted laser designator and a low-iight-level television 
camera, both of which share a stabilized mounting. V/ith this 
system, it is reported ti’.at ground targets can be designated at 
standoff ranges of up to 4S km, wdth twice the. accuracy of tlie 
earlier Pave Knife system that was used extensively 
Vietnam [66]. Excellent photographs have been puufished 
showing a pod-mounted targeting and laser designation system 
mounted o.n the wing stub of an attack helicopter. The pod is 
said to contain a precision stabilized .sight, a laser designator/ 
rangefinder, a laser spot tracker, a 3*LIR, and a television 
camera. The laser spot tracker is said to be able to detect and 
track ground targets that have been designated for helicopter 
attack by virtue of being illuminated by a forward air or ground 
controller [67] . It has also been reported that laser designators 
can be used successfully ficm unmanned drones. In one such 
demonstration, the drone v/as fitted wilh a special nose section 
that contrdr.ed 3 windows. One window was for a daytime 
television camera or a niglitlime FLIR, one for the designator, 
and one for a laser receiver [68] . 

The designer of a laser seeker should be able to use much of 
the technology tliat already c.xists far the longer vv.avelencth 
passive infrared seekers that were discus.sed eailier. Silicon 
photodiodes are one po:-:-ible choice for a detector. Un- 
fortunately, their quantum efficiencies drop rather sharply at 
about 1.0 Mm and their performance al 1.06 /Jia leaves much 
to be de.rircd. Cooling (to about 1 .tO K) increases thoir 
detectivity but it is doubiful that the increase is worth th.e 
eiiort required. to provide the coolirig, A much betlrrchoite 
is the silicon or germanium avalanche p^iotodiodc. Substanti.d 
current redn can be achieved in solid-slam phoiodiodes through 
avalanche carrier raultiplication. Although excess noise is 
introduced by this Tnulliplicaiiott pri.jccss, rigiiificant improve- 
ments in detectivity result [69]. Op'!;'--;! .'.'ateilels pie.sci\t no 
problems for a 1 .06-'nn '.eakev since a wide vc;ie!y of suitable 
glasses are available. A very good is.u.ount of efforts to de- 
velop a trii-eivice seeker for use v/ith clos..' air support missile,; 
has been publAl-ftJrtyWUd por Release 2002/01/02 : CIA-R 


available as early as 1967 but they failed to cxcifs .my r.i. ■ 
iiitejcst [ /!]. It was after the b.’snibing halt cf l-farch. !>’(, 
wlien the prime focus v,/as on the interdictior: of supply roe.t,. 
that pilots found the new 'isman botrtbs” were superbly ede, 
at hitting trucks and other small Urgets. 

The idea of a guided boitib ha.s been explored, but va.inly, S 
many yean, Centemll [72] patented a guided acriai to.uc... 
in 1921 (applied for in 1916) and others, including a pro 
from .Sweden [73] , have tried to adapt infrared sensors to t 
guidance of bombs [1, p. 466], |74]. No.ne of these privv . 
tempc.s rnst with much success. 'Hie pen'orirsance of b:e i 
guided bombs has been phenomenal. Of the first tho.. .a. 
that were dropped in Vietnam, more than 70 pcrcv,.! 
reported to liave struck thair intended targets [62].. T.i 
capability for precision delivery made it pesribie to dc.-.n 
military targets, such as bridges, petroleum tanks, and h, ■ 
defended point targets, with "‘surgicid ncatne.vs,” and r r 
significant reduction in inadvertent damage' to uearby clv! 
activities. Kits, designed in 1966, were used' to cc ■, 
conventional iron bombs into the “.smart** variely. 'Co, ' 
involved mounting a laser seeker on tire b'Omb’s 
movable steering vanes on its body. The r 'irt ; . 
verting a bomb was said to bs about $3500 [7i ] .' • b' 

The basic concept of designation and f.uid'auc.f'bv v; 
laser has opened a host of new opporlurJtiss for K'fd •. 
of bombs, missiles, and grm-iired projectiles. uLe';' 
ploitation of the concept has only begun and i. 
reading about additional new developments fot y 
come. . . -I-- ■ . j” 

VIII. Imaging Sensors ro't KEg.y;;,:, ' 

AND SuAVStLEARCR 

Tactical military forces ai's constant;/ face;; vcl. Ihc; 
leni of finding the enemy and keeping tfacl; o' ur.. 

The remote sensing systems we have 'liscusseo th".., fw; , * 
relatively little use for such reconnaissance and 
because they are non image fdrrniiig- They, in cci-CjR.:/ ..c v 
the centroid of the energy emitted by or n-l-eieC r; : i 
target. This is all that is r;eeded for de'ectior! and tmcl,;.. ; 
it is n.rely adequate for recognition and ide.n'Liilcr.tios’.. s 
tasks require an imaging sansor, i.e., one (hat pro, .idee , ; 

operator an indication of the gsometr’cal and ?p;.'rc.l dw: .■ 
lion of the energy from the target. i 

A. A crial Photography with Blcck and Wiite infrared ' 

Reconnaissance by means of aerial photogiaoi.y b,.,; ■ ■■[ 
practiced by tire military since tire tiiiie of the Civil V/:.:-. ; 

tirst recorded usyge was iu June iou2 when the Uriion A , , i 
urrcler General McCidlan, used the tethered briiour “L'tr. I 
as an aerial photography platform. Pl.otc:: trki.r Ft.,; , | 

tude of 450 m were used to "scoss the defenses of Ri f.;:: ( 

Carnercc designed speciriceJiy for use in rircMafr ] 

product'O?: by the end of 1915 and sew c.\rcr.:r,'u rr- ■ I 
World War 1. Tne story of aerial phatog;anhy har b.;.--, , 

elsewhere [ ,’5], [76] and our concein in till; 4 

lirinted to use of infrared film in aeria’ r Loio t. e 

* ■' * I' 

A photugraphic film or plate consists if a ; | 

emulsion coated on a suitable ’iracsp.s.vr.nt suppovt (hy [ 
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lo: of Aiv:. ) ciiipers 

'.o f'Us?, viol;;!, und luLvtAiolet wavt’.leppths aj; i tliu ‘amnl- 
sions jiiiJe with thojn s loiig v/avclengili onion at about 
0.5 .U;n. Re,',pO;’,se to 1 o;'.o-.t wavuleijgtlis is aoxoinpHslicd by 
ths aduition of f ; ardti^ing dyes that ate adsorbed at tlic surface 
of the silver brdide praii'S. 'i hs; principle of dye sensitization 
was di-COvir.vJ in 1873 by Vogel but its application to long 
\/avelc'ngth sensitization v.'at slow un'^il major advances in dye 
synthesis occurred in the 1930’s. Ths nnjority of modern day 
black and vvliite aerial reconnaissance jrhotce.raphy is done with 
pancloomatic fJni that has an extended-red response [77], 
Tliis film responds fairly uniformly to all colons of the visible 
spectrum and has a long wavelength cutoff at 0.7 pm (pan- 
chromatic filrcG sold for s:ner:u pictorial use do not have the 
extended-red response and their long waveleiigth cutoff oc- 
curs 0.65 Mm)- 

i:.i.Tar';d'.aen5itive black and white film for aerial recon- 
nr.ircf” nr; is Eensitized so as to have a long wavelength cutoff 
i‘. 7.7 D'ncs ihia Oni alto retptuuis to all colors of the 

ririi;::; ecrr’.un as well as to tiie ultraviolet, it is normally 
use';’';i i' ' -h s’fd filter that absorbs all wavelcngilis shorter Ilian 
0.-5. 7 V:-i. Dy the propej choice of sensitizing dye it is 

d>o.Aib'm to produce emuisions having a cutoff as long as 1.35 
, jir.Gi f’iC'i ciCMisions are used in spectroscopy and othicr laboia- 
,ton,w applications.. .They have a relatively short lifetime :inci 
.snv.st' bs .stored, at diy ice tamperatures until used. It seems 
unliit-t'iy t'jat tiio plsotographic iong wavelength cutoff will be 
e.xtcridcd, beyor.d 1.35 Mm. As shown in Fig. 3, atmospheric 
V'.l'i:: • ;-por absorbs strongly betv/een 1.3 and 1.5 Mm. Beycmd 
1.5 Mm the transmission is quite good until 1.8 Mm is reached. 
A nev,’ problem, howe.ver, arises because at these wavelength.s 
■,vh 9 f.c is sufficient radiation from the normal 300 K ambient 
FU''j~'C'V;;diM-.g.s to fog the film and render it useless in a very 
- short lime. 

Tim, Air Corps was expcrlnicncing with the use of black aucl 
white infrared film for aerial reconntrissance as ea.ily as 1936 
an;’ acquired conr-idcrablo experience with it before the 
str-fi vt' '7orld Vfar If [76, p. 236]. There are two reasons for 
, uicng i.’ac.': a.nd white infrar-ed filni^ for aerial reconnaissance. 
The meat important rear-on Ls its unusual tonal rcnde.ving of 
scenes cont.cining green foilags and water. The second reason, 
an improvcci ability to penetrste hare has been much ove-r- 
emplnrizcd. On ri p-ositi'. c print made fro.m a panchioinaiic 
r.rgc-ivc/’ foilsgc is rcnd.cr.'d rs a dark shade of gray v/hiir; 
lakes a::wl streams are rendcicd in a rniKli hghler tosie. On an 
Lrifrc-jed photo ol the sam.c s:: .j,‘,e, foliage is rendered in a very 
icme, so ligiit, in fact, thr. it (iften appears to be coverod 
witii sr ow, Labes and str. aev; a~c rendered a deep i.-lsck. T he 
rrxmw: fur tbi.; umw;-;-; tcisri i;;.d;-ri;m are a co!;: c-ou.vrcu of 
tlic 'spectral refU cbince ct:' ’•i.cterii.'ei of water and of 
fh’orophyl!, tne univcnnl v'-'oa-ig in.Giar of green scgciaiioa. 
\7e ihtel exH.niitc ilris “cidreoynyi; efrict” in greater d.tbail to 
sec tl:e p.ari it pi ;ys in ccmoufisge detection and, ulliinalely, 
in multispectrsi aiuihGis. 

Thr green color !bal c'l 
vegofation is itue to tire pre. 
is R pigrnr.nt that plays an e; 
by facihtatnm, the absorptic 

*r!ere;f!'r, \s.„' vch refer lu tfi 
tvn-c! cc'iife-im, r l on-alack-rrh 
• iaf'Jan \vi'{ cArioJ C'*--.-' i 

i ■■ 


;■ iCtciirci. th. leaves of incst 
t ;.' of c'liorophyll. Cbloiophyll 
.'iiti.-.il role in tiie life of the plaiit 
of c .tbon dioxide from the air 
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Fig. 8. Tyjiical reflectance spectra of loaves from deciduous and conif- 
erous trees [7S], [SO], [87. J. 

and the sub.;equcnt formation of a starch from it. Other pig- 
menSs, notably carotene and xanthopliyli, which are yellow in 
color, generally accompany chlorophyll. V/hen the green 
clilorop'ryll is destroyed by, for instance, a change in climate 
or. soil chemistry, it is these other pigments that cause the color 
of the foilage to cb.ange from green to yellov/ or orango [78] . 
Qrlorophyl! shows strong ab.sorption bands ir. tlio bbie r.t 
about 0.44 Mm and in the red at about 0.66 fim. There is a 
slight r^sidueJ absorption between these two bands but there 
is Yhynally no absoriMion in the near infrared bevond 0.7 
178), [79]. 

V/iten light is incident on a leaf, part of it is rencctcd, part i.s 
absorbed, and jntri is transmitted into the body of the leaf. 
From 2 to 15 percent of the light is reflected directly from the 
surface, (the reflectance of the tower surface may be twice this 
amount). The reOectance is gieatest in the green region of the 
spectrum and considerably less in ths blue and red where the 
absorption of ths chlorop.hyU is high. Lhdit transmitted into 
the leaf encounters a very complex structure and it is .scattered 
.by multiple reflections and refractions at the many structural 
elernenls. I'hc long path lengths that result give atn.ole op- 
portu/iily for ab.sorption by the pigments of the leaf and any 
of tl.h.;, I’giU that idlimalcly escapes fro.m the leaf is quite gree.n 
in cohti. As a result, the human eye perceives the leaf as a 
strong th.ade of green. Even tliough the tot;il ro-Oectanca of 
tlic leaf in the green rarely exceeds 15 percent, it is thcas 
wavrlcjig.ths Ihr t Iho huinaii eye is iruKt sensitive to and we 
perceive Ic.r.-es .<>s briglrtly colored objects th.al have a slr-.jngt 
co.'jt.i ust \vil.U their .surroundings. 

lU-yori.’ 0.7 inn, in the near infrared, the situation i:; quite 
diffe.-eul because, at th.esc wavelengths cidoipphyll ra.s negli;',*- 
ble ab;;orptioii. As a result, tb.cse wevelengrths are r.;r'-di.'y 
rcfku'ted froin the surface of the leaf, Because, of t'l.’s iien.s- 
p.arency of the cldorophyll, any light tmnsmii ted iii.to tiis h-v.f 
sc.ffc'iS l.itle absoi'j’tion aiu! a sigriifica.nt fr.nction is scaUered 
back oui of the leaf. The result is that the reflectance of tb.e 
leaf is ve y fiigli, -.froin. 40 to 60 percent, in Ih-a near icfr.iTed. 
This, liK .i is the leasoti for the e>;tre].ne.ty light tonal lende-riug 
of fo'.icce on iiifrcrcd photo.s. ' 

Typical tjjocLial ref! ec (-:< tree cur ve.' for the leaves of d;*ci.'!’!ous 

ue r;mwn in 

'•'ig. Doth slif.w relatively inch relricUiuro in riic nvir 

infrared but that of the conifer is noliceably lower. It is thri 
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Fig. 9. Spectral reflectance of foliage and paints [ 78] , [CO] , [ SlJ. 


difference in reflectance that enables a photointerpreter to 
differentiate between the two on an Infrared photo. Here, 
then, is a simple example of multispecual analysis. Oji a 
panchromatic photo, deciduous and coniferous trees are 
rendered in similar shades of gray and an interpreter trying to 
differentiate betv/een the two must fall back on such sub- 
sidiary clues as texture and sliape. On an infrared photo the 
two types are readily separated on the basis of their different 
tonal rendering. A side-by-side comparison of the two phgjxis 
makes the differences even more apparent. . 

Camouflage is used in a mOitary situation to confuse or de- 
ceive an observer. The techniques of camouflage include com- 
plete concealment, dummies, ncnfuncticnal stiiictural addi- 
tions to malce the object look ILke fornething elr.e, and 
coverings to blend the object with its surroundings.'' Among 
the means used to blend an object with its surroundings are 
the direct application of paints, the use of overlying nets 
supporting strips of variously painted fabrics, and simply 
covering the object with foliage cut from the surroundings. 
The camoufl.ager w'orks on the thesis that the more closely 
an object can be made to resemble its environment, tlie more 
difficult it will be to detect and identify it. Tlic introduction 
of infrared film for aerial reconnaissance made tiic attainment 
of this goal much more difficult because it forced the 
camouflager to achieve a resemblance in the near irfr.sred as 
well 85 in the visible portion of the spectnun. Fig. 9 shov.'s 
the spectral refiectmice of deciduous fohage, bi.’lb livirrg ana 
dying, ordinary green paint, and a sptci.d infiuicu-rar.icting 
green paint, if the object to be concealed is p.in. ed the 
ordinary 'ucen paint it is unlikely that the eye vv'l pciccivr a 
difference betv.-'cen it a.nd a background fooneJ by tlie 
deciduous loaves. On an infrared i>holC) the dscophon will tie 
obvious. The object, because of the low reflectance of tire 
paint in the near infrared, will appear as a lark .‘Jh'.de of gpay 
in front of a very ligid background. This piolilrnT with paints 
was recognized durii'i; Vvorld V/ar it and it Od to the dcyciop- 
roentof camoen-. ac p.aints having a irigh rette Uaiicc in tba near 

Numefovs e'^niptcs of (lit’S? tccuiiiquc- can lu in Aviai^oti 

Week and Space Tcihno'.osy. It is intcfcstinit (o nat* t'ljt liiiring ttsc 


this camouflage paint with that of tho leaver; sliovvs thm nc;: .. 
the eye nor the infrared p.lotu are likely to diifvr.-.vb.aic • ■ 
tween the paint and the 1 ..-..avc:;. Tlie ci "ve for dead ici; v . 
vepresents foliage that was cut approxinvuely one dry prior i; 
liuving its vefiectaiice measTrred. The dci teased rcflnciaKcc i . 
the near infrared and the Lnem-'ised reil.ctsT'.ce in tim y-.'.- ■ 
and red (due to tlie carotene ;i.n.;i xnnthopliyil) am ok.-.icms t 
it is unlikely that u.se of a ch foliage would fo-o! ciriier i. .; 
eye or an infrared photo. V'hi-n foliag.e is cut it juay mtain 
green color for several d .ys but the dccie.vEe- in infrarct) 
reflectance occurs veiy qi'ickly. In soins case? it can be de- 
tected witliln 2 h on an infr ircd photorjaph [SO] . Ai a re;:;:.:, 
foliage is a poor ciioLce as a camouflage ni-itenial uaL.oc. ic.h 
prepared to replace it every few hours asid has, in adciitio v, c 
secure place to hide the telite.'e used inuteriol. 

A closer examination of Fig. 9 shows that there arc sip. id- 
cant differences in reflectance of the inatcrials that C-mkk le 
detected liy examin-ation in s narrovv spectra! inlrrrrh ‘il.", 
reflectance of high-infrarcd-rcilocting paint is, for c raiiipb-, 
noticeably different from that of the leaves. in the O.sSo-ytni 
chlorophyll absorption band, and betw: i n 0.7 r.nd 0.7.'5 
where the leaf reflectance increases abrvptly, Limi:,'-.'' 
obssmtion to either of thes.n spectri'J rcgioTis v i'i pa'-./ 
show the mismatch. We mentioned earlier lh:;t g'a.i:;;,--;; ■. 

fdm for serial recoT)n.'i.is.sai:ce lias 8X t 'k-iZ C^'T k cl”r ^ i .1 

It is evident now that this is dorc so as to cxtc;id r'e t'.- ’ 
response into the chlorophyll absorption brind. Eeca'.cu cl ik-k 
extended-red response, panc'ironiatic film with a icd f.hcr r-,". 
detect some of the commonly used crunouflage 
178, ch. 13], [82], '' , / 

Water is rendered as a deep black tone on infiareu viuHc- 
graphs because water absorbs stiongly in the near infrari-.l. 
vvatcr-fiiled stream or ditch need be no moTC than ?0 cr;; c'.; , . 
to record as completely black or; an infrcreii pi'.nto. i 
characteristic enhances the contnnst between green ve y.Tt; -i/ 
find water on infrared photos v.'hereas they often p. so- d i : 
quite similar tones on panc!,iromitic photos. If. a streyi,; 
carryin.g a heavy load of sediment it nnay be show.n qi., 
dramatically on an infrared photo. 

The ability of infrared film to penetrate haze is 
understood and overstated. Tirock [83] and Clark [78, ch,.*!.’- 
have reported detailed analyses of photoyospliie hav ' /.er.'p;; 
tion. Froni their analyses, it is possible to state sev-r? ; -yv-. 
conclusions about the poss.ibuity of penetTaiing I;.":-..-, r e. 
and fog by infrared phetof'raphy. 

1 ) hi the case of a lia;:;: cou.ilstmg of sma'l particics, r/'aC.’.'a'y 

L:a;;c gai/.j can be achieved, fh;ch hazes rcatter p-iir.c/'.mb'- i.i 
t/>e b’uc cud of t];e spectr-.m m.>d, hence, appear: bl,,;- to 
cyc\ • ■ 

2) The lower the visibility in haze, the smaller is the chsu-; 
of increasing it by infrared pliologi'ephy , 

3) In the ease of mi.srs, fog", or cloud i wliich ava vd'.ke cr 
neu'Tn! yray in color, no u:ic;'u! increase in penetration may 'tv- 
ertpsciod. 
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'fihn i,; one luiviiL^ "■ tor.'.perature of 250 C (482 1') [84] . 
At th’; source the scfuiircd exposure tir.i; may be 

from 1 0 minutes to scveranioius.* 

B. Ac/i‘^! i'iioiotiira’jhy v.'iih Fnhc Color Infrared film 

■fi e Air Cceps berrm C-': experiinenta] use of color film 
f:3 e.ry es 1926 sad by 1939, t/hea V.’orkl V/ar il started, 
the v.-b'.e of color film lot aerial rccoimaissanee had been 
well tti-iblished [76). float, but not all, color films for 
reconnaiesarice use yield a positive color transparency. They 
are a triJayer type of film consisting of 3 emulsion layci-s 
coated on. K ccimmon bare. Tlio cisiulsion next to the film base 
is ssn.siiive to rod li;tht, the middle emulsion is sensitive to 
yeen lijtat, arid the top Cinulsion is sensitive to blue light. 
Each lu/er contains a dye coupler wliich, during development 
of the film, reacts witn components of the developer to form 
an a-f.p.i-opxiatc;!y colored dye.® 

In 19-s.S, a modified color film v.'as produced for the detec- 
tion of camouflage [35], [86]. it is a trilayer film coiisisting 
of /iltf; normal green- and icd-sensitive layers but the blue- 
^entnitve layer has been replaced with a layer sensitive to the 
ce?.-' N-'y.rared (0.7 to 0.9 Because all three layers show 

soriiS rc-cpense to blue light, which is not to be recorded, ^ 
y?.'!os7 f.T’.'er is used over the lens to absorb the unwanted blue 
E.glit. Uiil-ilce normal color film, the dyes formed in each 
layer do not produce the color to which the layer responds. 
Green objects appear blue, rad objects appear green, and 
objects having a higdi reflectcnce in the near infrared appear 
red, U is this combination of infrared response and false 
color rendition that gives the film its designation of false 
.color infrared. ; 

cc’or in.fraied film is valuable for the same reasons 
that hfV5 .already been desc.ribed for blaclc and white infrared 
filrn .d'i'.ic’uous foliage end grasslands appear as bright red. 
Co.Tife.:;, which have a lower reflectance in the near ip.irarc.d, 
apper;.- in purplish red tone.s. Dyi.n 2 foliage appears bluish or 
c/yx. the reddish healthy foliage. Diseased vegetation 

.'w.' r, e-ed. .refl.ecta.ncc in ttie near infrared and it shows as a 
darr-T- SiU.dc of .red or, soinetirr.es, even black. Plants stres.sed 
by .a‘..’.lstiv.7-. lo:: slro?/ up rs a light red or white. In many 
C'.rt-r . i'’'T .Y.c’.c:- .'trass siic-.v up on false color before the 
fy.mpjcf.-r -C d’.'.easo or dc?.''h ere visible to the eye. A.s a 
rasuV., jlm alfbotna camera, which may be miles av.:ay, can 
t.A'f';. that ti;,c yro'.md liased obsstver cannot 
lywAA'’.';: c-.'c-:? if he hss the p.hmt u! his hand. Ordinary pyeen 
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paint appears blue while, the higli-infrarod-reflocting Efeerr 
paint appears purplish. 

During V/orid War if, false-color infrared film revealed, for 
the fust time, the extensive camouflage .system over t'la 
German V-1 preparation area nortii of Arras, France, by 
inakii'C: it up, rear as a large blue fan. Tliis ccnrpbx had escaped 
detection for mauy weeks despite intensive recO!tiiais.sance 
with panchromatic film [85]. 

Tliero is also a R.ussian-produced falsesiolor film. It is a 
two-layer type and is referred to as spectrazonal film. One 
layer has a panchromatic-type response extending to 0,65 jiin. 
The response of the second layer extends to O.fiO /(m. D.iffer- 
ent dye coions are produced in spectriizonc! film than are 
produced in the previously described false-color film. On th.e 
spectrazonal film, conifers a^jpear green, deciduou-S foliage 
appears yellow, orange, or led, and liiglr-infrared-rcflecting 
cartiouflage paints appear nearly white [80] ,[87] . . ^ 

The render who wishe.s to see exainple.s of the truly beauriful 
photographs that can be made with fal;;e color film, is urged 
to examine those found in [77], [85], and [88]. Brock [83] 
shows a series of excellent aerial pliotos taken with a twin 
camera arrangement in order to allow dhact comparison of 
panc'nromatic and black and white infrared imagery.^*' 

C. Image Converters for Night Vision 

The image converter was developed on the eve of World 
War II, first in Germany and somev/hat later in the United 
States. It v/as of prime interest to the military because it 
offered an effective means for man to see in the dark. A.n 
imag^ oSnYerter tube is a photoemmisive device that converts 
an' infrared image into a visible image. An optical sy.slem is 
used 10 foiiti an image of the scene onto the cathode oi the 
tube. The cathode is a somitr;;n.sparent silver -cesium-o.xide- 
cesivm film with a maximum response at 0.85 /Jin and along 
wavelength cutoff at about 1.3 pun. Photoelectrons leaving 
the cathode form an electron image of the scene that is 
reitnag-d onto a fluorescent screen. Y/Jicn struck by a.n 
electron, tlris screen emits visible light. In this way fne ori,gtnaJ 
infrared image is converted into a visible image. A nugnifyin!' 
eyepiece increases the apparent size of the iina.go v/itliout 
appreciable loss in its brightness [1, pp. 296-297, 498-502, 
53T-532, 547-548], [89], [90]. Because very few rniikaiy 
targets arc hot enough to radi 'te appreciably ir; the spectral 
region covered by image tr.bes it is necessary to provide some 
means of ij.luminating the target. Tlie most cum.mon iiUuai- 
nator i.s tl's tungsten lamp fitted with a filrer that p-‘;.ses the 
near i']:w>’5d v.'l>i!c blocking the visibie so as to iesure cevc't- 
ness, diTica most nulitary vehicles are equipped with tine cten 
head ’ \;np;;, the siinplc addition of a snsp-on filrer converts 
them intt; covert ilhiminators foi nigiit driving. 

hliiltciry jpplicafioris for image converteis inclirie weapon 
firitiK (ti'.c sniiterscope), survcil!:.’ nee (liu; snooperscope). K-glit 
driving of jeeps, tjucks, and f-mkij, detcctioa c( hearief; 
bcaco:;;:, air-to-aii IFF, ship dockiiig, aircraft fi;,- 

coriiroi system:: for tanks, camouflage deicction, a: d rdatton 
’'vitpFvf: Fi's 10 shows the pci formance cha; rate;; hies that 
have been rcmoityl for typical ni-dit viewing cquiprrant t'u i: 


liy.r, .''f'li i.T t.'rvct, 110 re-P;; 

i.j’i’t he:;' t! ; c'ciisiiy (V g 


rye nnn.e i.i if.e rcri-senjiUye 
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teiidcri to provide; i."ii3i;ery in i'.!or«,t!iLLii three re'uoio . 
spt-ciium. As v/e do this the dividirtf, lino betweer: .miiit:;. .n 
applications becomes iricrsesiii^ly herd to defi::;. 
military strategist intent on detecting signs of an irrm.-. . / 

croii failure in another country- may use tlie very sanm o , u 

niques as the county agricultural agent intent oa detesi. 
fungus in neighboring citrus groves. 

An early iniiUispsctral sensor used a special ‘>-!c-:is acri^' 
camera to make 9 sirniiltaneous black and v/lute phot 'ign.ipl'e 
in nairow spectral bands extciiding from 0.40 to 0.90 ’m 
[93), [94J. A't about the .sains time, a 4-!eiis cams-’i v:c- 
developed but it differed in that additive color teebnigus; 
were used to produce a color posirivs fvo;n th,; fcbrcv cui;' 
white negatives. In essence, 4 neg.aiives were made ic. r. 
taneously, one each in the blue, green, red, and nearicfr.s'ccl 
Fig. 10. Rspofisd performance for typical riigiit viewing equipment Each negative was printed to yield a positive black •r.;r.. • - if 

using imago converter tubes [1, pp. 246-297, 49S-502, 531-5.12, transparency, 'i'he four positives were then placed in a 's 

547“548« ^ 

viewer that illuminated each tr-atispaicncy with ,! 

uses image converter tubes [1, pp. 296-297, 498-.502, 531- optically superimposed the four to-yidd-.a cc.'c;fc_;: 

, 532,547-5481. Photo interpreters often find that it is cs.siec toi hitc._. 

In 1943, v/hen the Germans introdpeed their first tank firs color rather tlian a black and white photograprs-or.i? ■; 

control systerdS incorporating image converter tubes, they subject. The designers of this d-lpiys sensc-r systo.'u p-',' ;■ •,!. 

were clearly a case of the tactici.an’s dream come truo-a eye can perceive .about 200 sliades ci vr;- - 

. •, weapon possessed by one side and not the otlier! In numerous ^ million color differences (blask and widlv ^ 

instances, German tank crews badly mauled Russian lank units brightness only while color processes vr.:y .h: . - 

during nighttime strikes on the eastern front in 1944. The saturation [95]). The Skykb Orbr a.' .vy 

German success was simply due to the fact that they could sec carried a multispectral photographic fadliiy 

at niglit and the Russiams could not. It has not been explained matched cameras. Two of the c-ameras inwd arv.ch;;; i 

to this day why the Germans did not use this equipment ^'*’0 **=^cd black and wiiitc infra. ed film, O;::. 

against the Allies on the western front. Gudsrian, the bfidant infrared film, and one used color film [9(i|-i93j . 

German tank tactician, however, has very few cornplim'entary multispectral .sensors th.-it wc have been doiarir.. . , , 

things to say about image converler equipment in his limited in their coverage of the spectrum by the 

autobiography [91 ) . response of avvailabh; fnm.s. To remove this lirni'.ation .i. 

One might assume that the presence of the easily delected scanning sensor which combi.-ies a mecbanic:..’ or c 

; . illuminator with each image converter system would make scanning inecuanism v/ith an infraied detector. T;,.: 

■ these systems so vulnerable to counterattack that their use v.-ay.s of generating a desired scan pattern t't,rp. 

• ; "would be abandoned. The Mctascope, in fact, was developed ^9^1’ essence one takes a sensor vdth a svn, ; 

* i expressly for detecting these .sources. It was a small hand- aiTangcs to move the field of vie v/ in some 

i held device that used an infrared-sensitive phosphor. It was priate manner so as to cover a much larger search fie!,c. , 

simple to use, weiglied less than 0,25 kg, could be pocketed time required for one compiVte scan of the search 1.. ^ 

by any soldier, and cost about $40 to produce [l,pp. 296-297, called thp. frame time. Many infrared scanners neoe:- 

( 498-502, 531-532, 547-548], [5], [6]. But survive they rectangular scan pattern or raster similar to th,u 

I did and image converter systems arc alive aiid well today. An television. For special applications, however, ccnierl, <,v : 

i examination of one of the standard: icfcrenccs on military losctte, and circular scan patterns may be used. j 

I . equipment [-41] shows more than 50 cx.onples of image con- Eno .simplest way c;f gc.nersting a .scan pattern is to mo . | 

h . verier devices on tanks, armoured personnel carrier::, and scout e.-itire sensor so , is to ertoite the desired pmtern. If tlm s: i 

|i cars. 'ITie applications include viewers for tank counnanders, its mounlir.g are designed expressly for th:: r.; -,,- q 

j sights for gunners, and vicv.'crs for aigSd driving (some being a'i 2 ul:-n scanning rates as hirdi as 25 D'’/s cm be ».ch;e.-c 4 

affi.xed to the. vehicle and some be;.:g helm-st mounted). For these applications where it is not practical to sea t .J 

y Among the countries listed as u.d.ng this equipment aic France;, entire sensor, various optical techniques must be ’ss'i'. 

i ! India, the Netherlands, Sweden, United Ringdom, United rotating, s-onning mirror i-: .a good sxamp'.; of the.:* i eeb-:: "; ? 

i < States, and the USSR. It is al:;o significe.nt to note that two A.ssuni'c that we wi.sh to desigs- a senst r to piovide .a ; ,.in ; i 

; excellent books on night vision devices, v/ritten by and for image of the terrain hcru ach an aircraft. A simple se..cO' \-,i .'1: 

i : the inilitary, have been published and widely distributed in tire coTissst of a lens an 1 a single i^vall ds'tecr::r. d'e wid um | 

; Warsav/ Pact countries [80], [92]. Tl;c book by Kapeller [80] *^Fis sensor so that in axis (the line joiniug the kii.s ...;d .j 

p is unusual forits treatment of carnouflage detection with image detector) is paniUel to the divectioii of flight. A | 

I convertors. The author was a captain ic. the Hin-igarisn /,ru\\ mcliiic-d at an a-.'.g,lc of -U)'' to the smesor axis, and ^i-z: ■ ::| 

i Engineer Corps and his discusskm i.sin .such deptii that it e,c;. front of tl;e !en.s, \vi 1 aiiovv tl.o ssn:n'-r to ‘k-.e” v ‘| 

f; adviss.s the individual suklif on ;neen.s of avoidi.ng cictecticn Fee miiuoi is rota ed about the axis of lii.: sen-.Oi' 

I ' by image converters. 
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(5f kik’. I'v: r-ltitiu'io ol t-;: ::iri-jaft we can detcvnune tha Six scan lines ace imaged in each spectral bant! vith each 


linear r:,;' oT the patch on the pronnd tint j\ist fills tlic 
sensor’5 rh'd of viev/. Since the detector integrates tiie 
' ladiati.),! from all (.bjects v.itlun this -^ound pe.tch it deter- 
mines the fyo’.md resolution of the sensor. S'cccessive scan 
lines arc displaced along the surface of the earth by sirtue 
of the forwatii nioticn of tVe; eircr.aft, A Yi.surl record of the 
'CiT.e liOceatli the aircraft c:;.;i be reconstructed if the output 
of the delector is used to modulate the brightness of a small 
hmp Riui the lamp is, in turn, imaged onto a photographic 
film via a scanning mirror synchronized with that of the 
sensor. AltciJiatively, the output of the detector can be used 
to modulate a cathode, ray tube so as to form a television-liko 
picture. If the scanning wa.s done in the intermediate or far 
intrs-red the resulting image is often called a thermal image. 

Thei-;: are many ways of controliing and changing the spectral 
rcgio.n utilized by the scanner ■'■vc have just described. A filler' 
placed ill front of the detector can be used to select any 
ijcsir?/ii s j'.cU a.l interval. Gross changes in spectral coverage 
ers: 1", by changing the type of detector. In many cases 

it^ ■;< .''.si.T'oia to provide siirrultaneoi's scanning in .several 
speer:'', i-;r*ov-i'ais. This can bs^accornplished by replacing the 
ci'or with a number of fiber optic buudle.s, each 
of to a different detector.- Alternatively, thd 

crci b.e replaced with a spectrometer cu other 
disuv-iuh:': •dovice. Still another way is to replace, the singk; 
doh- ■I;:.' ivitlr an .array of detectors, each with a different 
j;:-iciir.. t;,:"o;ir,c. I'iU'ther informatior! on the design and 
p-arfoF-'g.'’. ttf scanners can bs found in [1, pp. 428-432, 
49‘i-';--;7,,':23-f>3X, 541-547, 599-6071, [1003-[105]. 
r-M P.A~.ticv..lr..riy versatile design of a inultLspectral scanner has 
-beers, d'.' ten bed. It uses a spectrometer to define the various 
sp-^.Gbh' Aiuids , (channels) tlurt are cowered, A IS-channsl 
yei.jOb, .hm’rR ^^P-'^ttal coverage from 0,4 to 13.5 pmi, lorms 
4lNj;?irI''cr:ie, data acquisition su'nsystem of a coinplcA agricul- 
turrj] .-.'imcite sensine sy'stern [ 106). All data are handled by a 
c-om>:«ier complex [107). y'n IS-oh.-’.nnel vendo.n h.as been 
ilo-.vii . extensively in aircraft for various ecological studies. 
Us. spectral coverage extends frorii 0.32. to 14 prm [108], 
A 7.<-ch.'‘.iUiel version has been designed for use in a NASA, 
earth-resources survey aircraft. Us spectral coverage extends 
fion; O.O-'-l to 1 3 pm and the rr.gniar resolution of each d.i-annel 
is 2 nirrd. Duiins th.e inaefive scan time the miri r rotates 
ti'iroug’i :'Ji angle of 280 . Ti is time is used for loM compen- 
sation and to in.'/.t calib'.alion sir-icls from two tVc-rmo- 
electricaliy controlled blar-hbodies 'vhose tcmpeiainr.'.s are 
hnovm to s ithin 0.25 K. The visible clmnuels arc r a’ibmted 
by a iL'nsuen halogen lens;; or by a skylight-iiiuininated 
difiUsieg serreu in a hols' flicugh tim top o! the fuselage 
11091. 


sweep of the scanning mirror. The scan lines are defined by 
the ends of fiber optic bundles arrayed in a 6 X 4 element 
matrix in the image plane of the scanner’s optics. During scan 
retrace the scene is blanked out by a rotating shutter and the 
output of an intern?.! calibration lamp is swept across the 
fiber optic bundles. The optical system is a two-minor typo 
with a 23-cm rU.3neter primary mirror. Ground resolution is 
about 70 rn. The entire scanner weighs about 55 kg [113], 
[1141. Many spectacular examples of ERTS imagery have 
appeared in the literature. An especially fine color portfolio 
appenred in [1 141 . 

'i'hc Skylab Orbital Workshop also carried the S-i92 rnulti- 
spectral scanner. It provides 13 channels of imagery' over 
two spectral intervals extending from 0.41 to 2.35 and 10.2 
to 1 2.S ;jm. The all reflective optical system employs a 60-cm 
diameter, nickel -coated, aluminum primary mirror, A conical 
scan is generated but only the front 120* arc used for sensing^ 
radiation from tire earth. The reinaining 240° are used foe 
sensor calibration. The use of a conical scan has the. advantage 
that the length of the line-of-sight path is essentially cons'iant 
throughout the full length of the scan line. Hence, variations 
in atmospheric transmission, due to varying lengtli.s of tlm 
line-of-sight path, do not occur. An unusual dichroic beam 
splitter that provide.s 80-pcrcent reflectance from 0.4 to 
2.5 lira and 80-perccnt transmittance for longer wavelengths is 
used to divide the incoming r.idiation into two broad bands. 
The sliort wavelength band is fed to a prism .spectrometer that 
P'iovides the dispersion necessary to separate tlie 12 spectral 
bands before they reach a 1 2-detector array [32], [96], [97] , 
All ,d,etectors are cooled to cryogenic temperatures by a 
Stirling cycle cooler. The ground resolution is 80 km. A color 
portfolio of imagery from this scanner appeared in [93] . 

Obscuration by cloud cover has been ?. problem since tiic 
very beginnings of aerial reconn ai.ssance and the prcble.m i.s 
even more critical for reconnaissance from space. No longer 
is it sufficient to argue that since the average cloud cover of 
the earth is about 40 percent, about 60 percent of all earth 
observations will be free of clouds. What is ne-eded by the 
military or earth resource user i.s a statement of the probability 
that a particular area will be dear enough for observation at a 
particular time, A large body of worldwide cloud statistics 
exist and cousidcra.blc work has been dons Lu applying them 
to planning i or optimum satellite application [ 1 1 5 1 -[ 1 i 7 j . 

E. Tkennal Afapping Sensors 

Thc.nn..'.l ir.'ipping sensors were OTtg.in.ally developed so pro- 
due-c iheimal irntgery of the tenain beneath an eiivcsi:.. Most 
t.hcrmal niajjpers p.ic scanners end thcii operation arni 
mc-dation is similar to trial already described for inui.ii- 


i-iuu; -; 

t‘V’y to 
vlchto; 
fcound' i 
concept 
iiitcrnst 
1110), 
spa.ce In 


• ii-.l scanners have ?}“o Iren itsed frojii space, 
r iicc between ndlbry and civil app'icmion is not 
define. Observing freun space, for whatt ver rcKson, 
no iutunaiioria! Ir-. :.nd intriiiges on no bUiltoiinl 
■ies. M 


f Horts 


been i.'uuie to L r/o such 


foniir.'ized for incl.'.ion in tl-c recognize.! body of 
o;;'d hv/ but, unfc; ; u --''tely, liitie preweess h cvidcut 
[lilj. 'Ihe gencirl pi'irir.i'>;es: of observ.; from 
V,} been particubrly './ei; dcscii! ed in [ 1 12] . 

7he h.tiS carries a l.■■iU!li.■■pr•ctuil .sc?.n-u:r that provide.s 


Epe.i.’ti.il sca.vHiers. 

Thermal nuapiicis were discussed during World V.’ar !I 
it was not until liie 1950’s th.at iin3'.,werc flown. Th-es.e 
c.ar'y !n.:.ppci.s used a “pusbbro.om” scanrsing tech.ui'-Ti.'e, 
sensor eonsisitd of optics and a iinc-ir^array of dclectors u 
was rnoUiitcd vertically in the, .•’ircraft, so that it poi 
tov-ird the grotind. The detector array was r.iiai!gcu ::o 
iif: \,’cs at ariglcs to the fight directio.i. in this 

each detector defined a scan hne that was moved forv/.erd 
!ho earth’'.; surface by the forward motion ()f the riircir.fi. 


j’Uii.ery 


)?' unir c 


c! '?nr-A^provetl:FofTRel6ase 2OO2/iO.1i/O2l:)CIA?RDP7!7MOOLl44R£M)Q3Ci0Q1=OOi'l7c!-ffi not r 


, bi'.i; 
very 
Iw'- 
nd Ji 
Mted 
th-U 

* ' / > 

OVC:r 
T\m 
in n 




‘.'boto- vr^y 
:;vixuds rebi;: 


r;irc v/: 


n.s Sw.'.unitif. 


rL-2,po; 




rlik'uniU (U'tcc-iUi:^ c 


.tiifd 



most sc;j.-!iU'r fiom the hlcr 19'-0's on i::.ed t.he cros:-' 

course erja 

fs). 

hi 1959, it was reiiorted ihat a U.S. Navy'patrol phini; was 
shot down ovar interrntional waters while c.ariyina mh-«rec! 
erjuipinent designed to detect submarines [118], Less t'nan a 
year later, ?.n article in a Russiait joura.d, by a major i,: tlie 
Soviet I'.iiy.ineering Corps, described th; detection, technique 
[119]. the aiticle stated that modern airborne infiared 
sensors could detect submarines subineit;ed rs deep a.e <t0 in 
by the temperature difference of 0.0;i to 0.5'c that exists 
between the surface v/aka and the surroundins v/ater. In 1967 
it was claimed that infrared sensois for tiis detection of sub- 
marines had the capability of detecting a temperature differ- 
ence of 0.C05°C but further development of tlie equipment 
was uncertain because of the way its operation was affected 
by high seas, rain, and fog [120] . Other similar reports have 
continued to appear [1, pp. 49-1 -497], A recent article on 
the U.S. Navy S-3A Viking onti-submarinc wcifrae aircraft l.icts 
an infrared sensor among the onbo.erd quipment ( 121 ] . 

It has been speculated that an infrared scanner should be 
able to detect buried objects, either by .slight thermal patterns 
evident at the surface or by some .sort of pcr.sistcnt thermal 
scar left by the c.xcavation and subsequent backfiliins required 
to bury the -object. In 1963, it was claimed that an infrared 
sensor had been developed for the detection of buried land 
mines [122] . Tests were de.scribed in wb.irh a simulated mine, 
buried at a depth of 45 cm, was readily dcteotcc’ by the sensor 
for at least a week after burial. In 1970, it was reporf.cd rhat 
an infrared scanner being flown under contract to the Kp .vaas 
State Highway Department had detected aba iidoned-r under- 
ground mines down to support pillars. The purpose of this 
program was to determine the underlying struc'ufc of potential 
interstate highway routes [123]. A short tunc hter, it was 
reported that th-a West German Navy in test flights of infrared 
scanners had been able to detect bunkers buried deep in the 
ground [124]. 

From numerous reports it appears tlr.at thermal m-appers 
were used in Vietnam and tlu-it they demonst.rati;d a capability 
to detect Viet Cong cooking fires and truck engines [!, pp. 
494-497], [125]. 

Satellite borne thermal im-aging systems for meteorological 
observations have been in use for about a decade [1, pp. 603- 
605}. It has, however, not been so well known that the 
U.S. Air Force has operated the Def.’i:se Mc-teorological 
Satellite Program for nearly as long. In March 1973, the 
Under Secfctuiy of the Air I’cnce ackiuiwlcdgad the piog.-'am 
and stated that it wuruld be used to si'ppc>i't all of the .fj.ir 
Forces worlriwide morucjus [126j. 3'hc rrtcihtcs emv b>.:th 
visiole and infrared scMnr. us Cc^pable of pioviuius iii'.?.'r,eiy , itli 
a ground resoIulLou cT either 3.7 or 0.6 km. 'fije t./.r f . r.ror.s, 
thus, provide both ?, day and night capability fo'- <.lc,u. 1-cover 
sui\'eih3u.cc. An additicnial iritre.-ed sc.usm’ ritekes n'leat-irre- 
ments of the vertical temperature profile of tlm ;:tmo.q.',cre 
1126], [127], 

The satellites are reported to be in a polir orbit r t an rluiude 
of about 9500 km and a.m placed so as to piovide v,o.ri:! wide 
data sensed at 7;00 A.M., noon, 7;00 I'.M., trad nndu; ;hi 
(local times) [126], il?7]. 'ihe Undu 5;-'.ji..ay thmcribed 
how, in a conflict sitoatiun, Unit Comnnu/ders traed to li;;vc 
ciurent dat.a on weethir conditio^.^ r.ln.q. the eptuoach route 


and in the ta.rgct 


altitudes would be iavaluabl-c in the d.-cien wpv,-;- pt r--'‘ ■■ 
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estimating area.; wherein strike aircraft might be e.sp rai. 
vulnerable to attack by .surface -tosair mrasiics ( 1 26] . 

Further reports indicate that a 2-cha!:nel sc.-mner is used V,i 
has a 20-Cfn diameter pvim.my minor. A Imam sphP: 
sepa.v.’.tes the. 0.4- to l-;!m b.md from the S- to 13-;!m iv. . 
A cool-ed mercury' cadniicm Idlurids detector is u.'.‘,d tor 
long wavelength band and a siacon photodiode is used 'or t' 
visible and near infrared band [128). in the muVi.sc-vm. 
scanner th.it we described previously, the ground re.'olutb 
was at its best at a point directly below the scr-s-or a:'..‘ 
graaually worsened as the ground gutek approached ; 
horizon. In ’the defcn.se meteoroiogical sateiUi-e scanrirr .. 
almost constant ground resolution is acliievid by iimith.y tl 
sc.an angle to 5S“ either side of the vertical and by d,.:rar 
the scanning mirror at a nen’inear rate. [114], 

An excellent survey has bee.n pubhJied that detrik. >>: 
ch.sractcristics of infrared .and visible ijnagery that wu ■ 
obtained from orbiting meteorological satellites [129] . ' 

1 tie sensor that ineasures the vertietd temperature pro'! 
in the atmosphere is described as a Id-channel inulthpc'ct 
cross-track scanner. In addition to the atmospheric ternpe 
true profile it also measures profiles of svater vapor ao.d oac-.: 
The temperature mefasuremeiits are accurate to ± O.i'' V. • 
arc derived from scanning the edge of the carbon d.icxi: 
abso-ption bami from 14 to \6 nm. V-'ater vap.or conten. 
measured to an accuracy of ±2 percent by scanni.-g ir ; 
water vapor absorption bar.d at 25 jurn. Oaone cone. -ra 
dete.’-minod to an accuracy of ± 4 percent by scr-nni-iq 1' 
ozone absorption band at 9.6 pm. The entire instrumenl 
reported to weigh 14 kg [12$]. Another technique f; 
measuring atmospheric temperature profiies from' d iati '..t 
has been described [ 130] . ' " . - 

Cle.'T air turbulence (CAT) is often associated •-Vitl, i...u 
zontal temperature gradients in the atincspliere. Many .j;,;.- 
ent, types of sensors h.ave been tested for ttscir 'aVhtyf-V 
detect CAT but only infrared sensors have shev/r. any 'fc. 
promise [1, pp. 524-527], Tne infrared techniqihi." -n.Md' .6. 
detection of CAT arc, in essence, the same as thoci ui-.-.l t 
determine the vertical temperature profile in the r,-;: 

Sen.soTS were installed in tluee commercial jet L 

regular passenger service and over 600 h of fh-'iV o’ra;., 
acquiicd. No severe turbulence occurred durir.; h’.-a h,'. 
period but many' light turbulence encounters were ce.'.-.-cia 
as much as 130 km in a-dvam e. This is equival-’;?'.! lo rai-;:; 
tile pilot as much as 8 nsiriutes advance warniri'; oi ia-, . 
counter. A high fah-c-alarm r.,te was e.vperien-eed b'.--.'a'a’ : - 
atrno'-p’neric temperature gradients that were not a;.;-;'ac.i.- t-. 
with ira-buh'iice [13! ] . 

l.fonzo.ntal atmospheric temperature gradients car; g!-s i i- 
jneas.neri by' the infrared soanudr.s on meteorolo ru.-4.;'. 

A recent study related teinpcrriture gTadienc n;ea,sis,-;:re;r-: 
from Nimbus meteorological i.-hehites to the. prclral-iiiri.. 
of CA 1 hS inicried tiom r-e;.:.;’. ;',' pilot reports. i'h.e mort , 
Itorir.rait.'l teinperatr.rc gi'a3j.;:uts were fo’and to b,',- rMate-d i- 
area.s or hr.re-s'.i'e v-irtica! vun-d shear. Th-e r. .adls of tl.' 
study >ndicare rlret meteorokyjc.al satellite data era be ’i 
to dr.siaii n.yiit paiiis so that the probubdiry of raccun : ; 

(.:.h i ',s cxt-v-mely low [132]. $uch i(ifor:nati£;-.n svo’-'.:, 
h'::!'!’. s’ y vtiliiil-ie to the Air Force an:i it stems rc.-.scn?b 
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rJg. 1 1. FL,'!'. sctnors rcpoitod to be iioyd by t'.-.B tl.S. niilitary ?er-,-iccs i;i rnid-1 973. AdaptKc! from Ki'ier [133). 

>‘OCniri„ 1 ) 1,1 (j .'../bior.s viev/jr'.;; (icvicc'; hewr-ver, it i.s pafticulaiTy effective in locati'.tf; 

^ b 9 'c.”fs and (fK-fiti;! i;u;::j;vrE th 9 t v.\i icivt- been that have ;< tcinpeinlurc si^^nificaiitly dirteiei't isoni 

(-•‘u-.,; ..cl; (,u'y!;;;ncJ to v.ec r..!-.; lovra:;. bsccedi an :ir- tL: i: sc i roar) dixies, sudi as iiot truck engines, hot i;un baieel;;, 

tu di..p).;y the 1. nd.'ny. iiii:i,;,.;ry in a i cei bke Ceiicrators, re,! sc forth.” Furthor statements indicated that 

c.;;:;'!:.;.', ins imancrN' is ixreiy picx .ntxd or usee* in ii d tini.:. FT.iU s::>sors installed on gunships in Vietjtain were instiu-. 

f'w-. e',. 1 1 ..1'., nosvevei, need a Sector that C 3 ii i.n. v.’dc liiCi mciitnl iti (lf.:iccti,ng tiie i'aovsnaer.t of sui.'pii:-s dawn tiic 
resoiittion ia;eeery i,ii wi hnc. 'ihe FLIK is pucli f sensor. HoCbi idinli irYi, < 

It 0 pcr.iL:, JC the Icixge; wavclexvv|h nnrtio-i of the ii.frarcd. The cuiy foix tunneis of FLiR sensors were designed for 
Ji-.i.-n.g t!;.c J 'diatioii eimtren by tr-eets and prcviniiig higii- fire . cc:: uol i:sc end usually d-d not provide iinaecry. They 

^soIi}li'.ex ree'-tiirie tnerxxrel hnsr.ery. fhe Deputy Chief of began to appear in the eariy 1 YiO’s xiad significr.at que.rti'iics 

I "'■ f'*- U'"'- Air Force, in i"st;fyj:m hNo-e we;-e ptoiiuced [i; ch. 14, pp. ■J77-A79]. Vpjt, like Die infr;;- 

I tile Coi.; .ere, c icci t ixu FLi il ca' e c,, iao triree iiio^t r-';, ,.,;,caiiv icdg'nij .d ml. .. -Jes, uxey.were not designed for Die type of ’,v, if 
r.n--ar, to e,r . :.i,e from rcceat IJ.b. u-c]ii;o;opy |le.3]. ioius i.bcy v .‘i,e ulihn.dx-.ly used i.n. Liiuiled "ATir pl-ced a new 

j- te.-xunonj' be Acteu tuat ^ 1 ii ri.. il xmagory available today p:-er!ic.'n on sixciors Nsisatile C! ou[,;h to detect not only nir- 

! ■ ■' * ’ “"F : in ' can be usee ai rexn.i £i.iesi,:i;: ground t3r.,ers. FJdR sensors designed to iii.rvt tbF 
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chailerigy bcjxan to appear in 1968 and weic, of couise, im- 
mediately it-atcd in Vietnam [1, ch;-14 and pp. 477-479], 
[134). 

Fig. 1 1 presents information on a \vide variety of FLIR 
sensors that were operational, in production, or under derelop- 
ment in rnid 1973 for the U.S, millta;-y services.” Ferhap.s the 
most striking fe..sture of, Fig. 1 1 is the indication tltst a totcl 
of nearly 600 I’LIR sensor: are under contract with more than 
half of this number being in production or already operational. 
It is reported that U.S. .4rrny planners project army needs at 
7000 to 10 000 FL1R.S for use as night vision devices on 
tanks, armored vehicles, crev.'-sei ved weapons, and remotely 
piloted sun-eillancc vehicles [133], Many of the FLI R variants 
designed forthe.A.rmy are hand-held or tripod-mounted devices 
that have their own built-in displays [133], [135]. 

IX. CONCLUSION.S 

In this review we have tried to provide a perspective from 
which tlie reader can view the full extent of modern-day 
military involvement with the tcchniciucs of infrared remote 
sensing. Of necessity, we have been selective in our clioice 
of topics to be covered. The choice of some topics was 
tempered by the necessary con.straiiits of militaiy security 
classification. Our choices run the full gamut fro'm night 
viewing to missile guidance to reconnaissance from space. 
We hope that these topics, and our treatment of them, will 
help to convey soir.e of the sense of excitement that pervades 
the infrared field today. Even a casual perusal of the literature 
of the infrared shows that the military communities of the 
world share a common awareness of the value of infisved 
techniques in accomplishing their assigned missions,. ,infrared 
is no longer on trial. It is a healthy, growing field with a fine 
heritage, a strong present, and a bright future. 

References 

{!] R. D. Hudson, Jr., Infrared System fyigineerint;. Nr-.v Yort;; 
Wiley, 1969. (This liook co.tr.'.ins 1400 annotated lefercncts 
coverinj: the applications literatu-e of th? infrared.) 

[2] H. A. Gebbie cr al., “Atmosplieric trarisinis.sloa in tlia 1 to 14 p 
region,” Proc. Roy. .S'oe., voi. ,4206, pp. S7-96, Jan. 1951. 

I3] H. D. Hudson, Jr., and J. \V. Hudson, Infrared Detectors. 
Stroudsburg, Pa.; Dowden, Hutchinson, and Koss, 1974, 

[4] \V. N. Arnquist, ‘'Siii-vey of early iiifrarcc! devalopjvients.” Proc. 
/Rff.vol. 47, pp, 1420-14J0, Sept. 1959. 

[5] NDRC, A'ct/j./nmi'e Fonnir.:; Infrared, vo!. 3; Inias- I'Ciritts; 
Infrared, vo!. -1; Sninni.ary Tech. Reii. Divi.ion 16, KHitC. 
War.hin.tton, D.C.: Off. Sci. Res. and D::v., 1946. 

[6] C. G. Suits, G. R. Harrison, and L. Jordan, Eds., ScU'tr-.e in 
World War 2-Apptied Physics. Boston, Maas.: I.ittlc, Browui, 
1948. 

[7J E, Ulirnner, ”How vulnerabl.t are l.tSAI’' nrilitary spact sj .ier.:s,” 
Air Force Mag., \c\. 55, pp. 35-40. June 1972. 

[8] — , “Etrategic werni.rg, cornerstone of dcti -rence,” Air Force 
Mag.,yo\. 57, pp. 40-47, M.u.' 1974. 

[9) M. E. Seytnour, ■'Olocivir.i. m'.-s'!; plinnas with iiTiape tubes,” 
Electronics, \q\. 34, pp. 70-74, Oci. 20, 1901. 

1 10] N. V/. Rosf.ibei it. \V. H. H.i:nilio;-., and 1). Lovell, “Roeket 
exhaust radiation measurements in the upper atmosphere,” 
Appl, O.nr., vol. 1, pp. 120-123, .'an. 1942. 

111] 1’. 1. Ele.ss, .Werer Sentries in Spare. Hew York: Rando.u House, 
1950. ch. 18. 

(12] — , ‘‘l’iob!mn.s marked early svarninit saiel’ite effort,” /i e/ar. 
Week .Spare Tcchnul., vol. 9H, p. 19, Sept. 20, 1971. 

(13] T, Greenwood, ^Reco'inaissanee ami ;nt-is control,” ..Vrt. Arncr., 
vol. 228. pp. !4-2>, Eeh. 197.1. 

[14] ‘'Now tld.AF s'lt-. liite to Include infr.ared, pi'O'o Uionn ijear,” 
Aviat, UV'f/v S'p'i'c t'cchnol,, vol. 85, i>. 2.L iJec. 24. V>’4;i. 

[15] r. J. kdu.ss. “Early warning sal: bites .seen operation; .4 1't'itf. 


..'iM.'yPjl 


b'.'r'r Sp.w Techno!., vol. ‘93, pp. 3 8-2,0, F ■..--t, 70, 197t. 

[to] OosiO prsi.s secou.s 6 37 t.areuite launen,” olvrof. j/sc-e .* v; -* 
7',-chnot., vo!. 94, p. 14, Jnn. 1 1, 1971. 

[17] “'W. .-.'ling t:4:eIlito,” Aviat. Weete Space Techno!., vol. 90, p. 1 j., 
M.'.r. 6, 19''' 2. 

[18] ‘‘/.dd-tionai warning satePitM expected,” Aviat. K'reir Space 

7'ecl;ncl.,yol. 98, p. 17, 14, 1973. 

[19] “V.’ernlr.g S.iwllito ," Week Space rcc/inoE, voi. 9b, p. 17, 
Jus'.e 18, 1973. 

[20] J. J. Horan, D. S. Schw, srta, er.d J. D. Ix)V«, "Rcfflsi n-:. 
fortrisnce degradation of a remote senior in c space ei-.vh'C'n- 
mont and .some probable C iuses,” Appl. Opt., vci. J3, pp, 
1230-1237, May 1974. 

[21] "Industry observer,” ,4vf3t. Week Space Techrrol., vc'i. 3 09, 

p. 9, Apr. 8, 1974. . i 

[22] “Spucc test contractor chmsen,” ySvfat. Week Specs 'iX-thr,,:!., 
vcl. 97, p. 16, Oct. 2, 1 972. 

|23] B. Mitier, "Eye-iika seuscis being’ developed,” >3 ■ Li. . -hu' ,2 
Space Techno!., voi. 97, 'pp. 49-50, Oct. 2, 1972. 

[24] “Industry observer,” A,vht. Week Space 'Techow!., vo:. I .0, 
p. 9, May 13, 1974. 

[25] “Imiustiy observer ,” 'Week Spars TYc-.Y .wJ.. ■•cX 'M 
Apr. 28, 1969. 

[26] “Filter center,” Aviat. Week Space jechncA., vo'. V;\ .. .s, 
Sept. 8, 1969. 

[27] “Xnduatry observer,” vdWuf, iPeei 7’ecf!;;t>;., VC'., vl ■: 3 

Sept. 7, 1970. . 

[2.8] “I’iltor center,” ylvfar. Week Space Techriot., voi. 54, ; . . 
Apr. 5, 1971. 

[29] “Missile radiation irieasuring vshicl'as planned,” AchK. I'.', cr: 
Space Techrtol., vol. 94, p. 2.3, May 3, 1971. 

[30] “tJSAF plans background IF. sefeUito,” Aviat, 7.'..; 

Techrtol., voi. 96, p. 14, Apt. 1972. (A draw-ri'j of tl; 
in vol. 100, p. 40, July IS, 1974.) 

[31] “IJ.SAF satellite nw.'.rd,” Avlct, Week Specs 7''£ci:ru.l,. v--. 4 . , 
p. 17, Sept. 24, 1973. 

[32] J. C. Kollodge, J. R. Tliornsi, and R. A. Weajjc.ii, ‘ T'd. 
limb radiometer, A.poUo fine sun sensor, tutd Skyiab 
spectral scanner,” Appl. Opt., vol. 11, pp. 2iv59-2375, ■ 
1972. 

[33] I. H. Swift, “rerformance of background-limited zp'c'.cr:.:, 
space nte,” Infrared Fhys.,\o\. 2, pp. 19-30, t'562. 

[34] D. P. McNutt, K. Shivanantian, and P. D. Feldman, “r. ' 

borne liquid tioiium-c'oolcd infrared lelc-jcope," Appl. 
vol. 8, pp. 2199-2204, Nov. 1969. 

[35] G. b. KUtiakowsky and H. F. York, “Strategic aniis .-:>ce itc 
down through test lirnlt-itions,” Sofe/ice. vol. ISS, pp. <503 --; . . 
Aug. 2, 1974. 

[36] J. P. Robinson, “Chemical vtatf&n," ScL .7., vol. 3. pp. 33--0. 
Apr. 1 967. 

[37] W. S. Beller, “Forthright CHR policy ur£ad,” IficfM.s c.id 
Rockets, \<r]. 16, pp..27-31, A'pr. 19,1965. 

[38] L. B, Carpenter, S. Hormats, and H. Tannenbaum, “Lcrr. p- lv 
detection of atmospheric coirteminants,” U.S. Patent 2 930 .‘>9, 
Mar. 20, 1960 (filed May 21, 1956). 

[39] References on the charaetcriitics of missiiea Kppeered if 
Aviat. Week Space 7'echnol. cj fcilosva: Matra 550. vol. c '>, 
p. 4 5. Mar. 20. l'?72; Ehr.frir. vol. 98, p. 21. Aor. 2, I >7 !; 
AAM-1. AAM-2, EAM-9, voi. 95, p. 63, Nov. 1. 1971; Re 
A1M-9J, 'Viper, Citspair.d, SA-3, SA-7 Penguin, SwA;:., \ 
ICO, pp. l.'5-14l, Mar. 11, !'-74: AgPe, vol. 92, p. 1;J.M r. 
1970; Agile, vol. 99, p. 51, J-aly 23, 1973; Seek Bat. vcl. ' 

p. 16, Jan. 5. 1973; AJ.M-9X, A.1.M-9E, vol. 98, p. 23, J-.r.e 
1973; .-‘itoli, vol. 93, p. 20, July 6. 1970; Mevf.ri:;k, va:. 9V, 
p. 49, July 17, 1972; Stiriser, vol. 98, p, 9, A;>i. s’, 1973. 
SA-6, vol. 99, p. 17, Nov. 6, 1973; S.''.-7, vol. 99, p. 9, 9, 

10 73. 

[■40] ,S. Ceisenheyner, “British tn'isA.'cs," Air ForcefSp'i.re FWen, vn:. 
53. pp. 54 60. Apr. 1970. 

(41 ] R, T. Pretty and D. il. R. ,A.rcl..:r. Eds.. A-.u-'r F.'Cii.-a.o.-: ,9y<, 

1973- 74. London, Fin;' .1- lid: Irne’.s Vc’irb.V'Cks. 

[42] J. W. K. Taylor. Ed-, .lane's .1.7 7'hc World’s .Urcraft, 1972-73. 
Loivdon, EuglcnJ: Jr.ni’s Yesib-oohs. 

[43] E. Uisaurer, “Tlie EA-7 an i.icireruft Air Force 

vol. 55, p. 37, Oct. 1972. 

144] D. J. LoveU, “3’he devel.c2me.at of lead salt detectors,” A.wer. .t. 
Fhys., vol. 37, pp. 467-.57Q, May 1969. 

45] P. Ak'lynnas, “.‘'Jr-to-xir riissile.s,” Spa-re//! "’•o.-:.;:;;;., vcl. ' 
pp. 68-75, Nov. 1965. 

(16] W. C. ore, “i.s.-.wiis dbpluy elo’ iet-br:" ANg: ire •' ' 


"The infonn-a 
study of i’LIk syso'c. 
rf c<'nir;iendC'.i 


('Yff; Spotcc Techno!., vol. 1,7, pp. 65-69, Ht'.y 24, ! .. 

(57) “I’ljctice tuns on fiircraft l'.:-(ted etler SidevW.vSe,- .li-ivtv; 

Approved For Release 2002/01/02 : CIA-RDP7™OfO144RaO03OOO1OO1/7<s3. voi. 74, p. so. A; r > 

nitioii tc^ 'jljted i.i : i II i> jL'rtptcJ iioia n supetl- JOtSl. 


;<!ic! r?i ir t.'i 


V'.RRL- [13J|. i: )■ 

i.r ; iA]- 


} • . : ] '’x‘r si di.i .vxts 

L. vol. .-7 r, '.In j.-rv g., 1*^ 




- HUUijCN AND HUDSON: M!MTA';Y APriMCAlIONS 01- I'.UMOTF. SENSING 


in 


isoj 

(521 

[53] 

ft4) 

(55) 

l?6J 

(57) 

[5G1 

(5?>} 

(GO) 

(GI) 

152] 

le?: - 


voi. Y - , Approved iBoT. Release 2002/01/02 :[GMA«R0P7JMOQ1i44RORQ,^OOp.^Q,(?4XTpi,u:,sc lui e a id its 

i'. H. I.’ j.S , -vd/. r.o.'d aircr-'tft, * liUldfiry ttppIic'dioiK:,’^/(!CM /icv.,vf>]. 7, 7G5-dl3, l*-745. 

Ar'rO’:c';/f., V',)l. 4 c., jip. 5 'I -CO., i-i iv. 1 5 ( yO ] l„ M. i:ibtjrii!.;ri rind S. Nudelmnn, Ed.?,, F/iot!.i,'IectiorJc 

V. i r-iiion, ‘’'r- cSr.d air Si:;>. rlority,” .VpaL-e/.-Cci ounuf., vol. Dcvicix.wVi.. 1 and 2. Nevr York: i'Hniim I’rcss, 1971. 


I on 

[&:] 

ir.i] 

rr?”- 


;'.'5r 

(Vn- 

jvi-:' 

r*r' 

\7n 

K'O] 

in] 

(;•.>.) 


49, ny. 67-71, Mar. 1960. 

ir. Mid.'!', “N'v'sv roScs r:,row for eiertro-optics,” Aviat, Wcef: 

Space rccPiad., vol. 97, pp. i ?.5- 167, June 22, 1970. 

‘ S.'Vi' 'iLpplies i.ifrare,'! ‘'.ysicuis,” Avint. i'.’cck Space TcchnoL, 
vol. S6,pp. 320-371, May 29, !?67. 

‘Tj’.i.r center,*' Ai”'£>f. IA’p.7 Techno!., vol. «7, p. 101, 

S3,ot. 25, 1967. 

C. Srovvplow, “U.SaF boosts Nortb Viet ECf-l janr.ninj!,” 

Wade Space Tedsnot., voi. G6, pp. 22-25, Feb. 6, 19.,i7. 

“O'.ii.rk turn sy.steni sought for Navy doji'i^ht rnis.sile,” Aviat. 

Week Space Tec!ir! 0 !., vol. 90, p. 19, Apr. 20, 1969. 

■‘'liidu.stry observer,” •at. Week Space Tcchnol.,\Q\. 95, p. 12, 

Sept. 27, 1971. 

H. J, Clcluiuiri, “Israeli .Mr Force decisive in war,” Av’frr. VOeck 
Space Tcc!o}o!.,viA. 99, pp. 18-21, D',-.c. 3, 1973. 

‘'ATA2,” Aviat. Wec,k Space Tcdmol., voi. 100, p. 11, M,er. 4, 

1974. 

“.SprciflcBtions," Avijt. Week Space Techno!., vol. 100, pp. 

125, 126, 140, 141, Mar. 11, 1774. 

I. J. .S.nirci, “Tbc optimie.ation of an optical missue guidance 
tr.vc'.UT,” App!. Opt., voi. 8, p-p. 1365-1371, .luly 19.59. 

U. “lacoc.el I'ls:! iise e.J/a.icins,** Avitt. Wcci: Space 

TccliKc!., voi. 52, pt. 1, pp- 54-65, Jan. 19, 1970; pt. 2, 
pp, .51-59, Jftti. 26, 1970. 

“.Sesers aid delivery of v^eapons,” Avi'rrr. K'ee.'v Space 
iXeSrok, vol. 94, pt. 1, pp. 4S-53, May 3. 1971; pt. 2. pp. 

7j-S 7, May 10, 1971. 

r,, P.V Griffin, R, Hubbard, and G. '.Valcl, ‘-Tbe sensitivity of tbe 
eyo to infre-red ladjatjon,*' A Opt. Soc. Atne.r., vol. 37, 
i>7. ::)C5~:'S4, , ‘lily, 1947. 

“'A:. E.'.eks electronic warfare aclvcnces,” Avmf, IPeeJ: Space 
5 ec.'; VC,’., vol. 101, pp. 57-60, Inly 29, 1974. 

i'zcco tar;;;;: desisnaior,” Av-at. Wce,k Space Techno!., 
vol. 120, p. 66, Fob. 1 G, 1974. 

*' i.''.:'.? r.;4'i:P.Lr.tO-r raaeved for test,” A viat. Week Space Tcc'o.no!., 

. 17:up, 13, 29, 3 57';. (&:e also Ihe color plioto on the 

cove-- of tills issue.) 

' O'-.tor,” Aviat. y,'eek Space Techno!., vol. 100, p. 69, 

s-D:, vj, :074, 

-. AA’t'V "di. A '"hli.ar, mid F, R. Arams, “Pliotodete-.'lois for 
• ' cr-.'nr'.p.jirro.Cioii systems,” Troc. IEEE, vol. 5S, pp. 

'7- n. iki, DY. 1770. 

e- : . 4 oob' ir., “Tri-.reiTics laser seeker fly-off set,” 

Ac':. '. .4';.;.'; Scace 'Tcciinc!., vol. 98, pp. 16-1 V, Jan. 6, 1573. 

' ‘e.''4,':E'i ir';’ ■>?: f.ir we.rf,ore uiidcrgoes a reluctant 

7.-k;v;2r'4*Ar5rvca, voi. 174, pp. 1! 03-1 1 09, June 9, i 572. 

U' . jr.-.e;-.':.'!, “A'lia' torriedo,'’ b'..S. latent 1 388 932, A.ug. 

1 .:92i 'DA;: ’ ily IT, 1915). 

V. ..’■fi.H :.T c.:,, “Snif rtejri';.;; devico,” U.S. Patent 2 424 1 93, ( lO;.’] 

-S,,; P47 (I'iU-J July 31, iO lO). 

.i .'■ykAr.nc,:;, “Kaditint enripy responsive directioacl coii- 
’ 4. ,7, Pr'.r:;/ 2 403 337, July 2, 1946 (ip.-d Dec. 19, 1942). 
i; i'. Co’v.'X;, ;id.,/-f;'n;r,!; of Fi-.oto f.-iicrprchaSon, Wssiifu ion, 
b-.C.: Acre?. £op. Rhototrcnimairy, 1950, r! . 1. 

G. 4, 64.' rtl, CJi'an'iev-'. 


Niireinb-rg, 


n'ld dr fj pa foi: -ifiicl i’hotopr.i 
VeC-C* ,4'. , i s / 1 . 

C . ■ I'hotOFi-i'p: !•:> >■:, ./.:frc, 

cc. 10. 

D. l.u G!,tcA^“Pkrr:r.l a;:-! ,'.y 
St'oEne. V’-nknt-in 


Urn bieday, 196". 
Rock-ster, H.Y.: Easinian 

ended. New Wiley, 


).i K.4 
ch. 5. 
h. K'- , 
of ee. 
H.ie-.i, 
J. A, : 
the a: 

O-!. D 
H. K. 

P‘4i'w 
O;:. 
fi. U. 


■■:r> ic'i pro.iertics of 
D.U.: Kat.'Accd. Xei 


19', 


r, liifravo" 

■"'Se}. Rn..: 


J 

n 


U-4S of iv 


iv. 


[«1] App} 

1C5) a'a 
i';'. C 

Ifu) 

!■■•>■! 


A. 

PR. 

R. 


rso n 
infra-i t 
7. 

'.C’er, 

Soc. il 
12. 

Dover, I 

;■ Jy-tr-TceP 1 
1"7 2. 

■A.’, Jr., “Tf 


1/ , J'.;i. 1968. 


Ci.::-A:y. 

.--.i r; '■ 

< o! r 


/r:-yi 1 4; ,,jr; 

.4 retlactDiiCe (•■' y;4 
'..r., voi. 37, pe. 7v J 

I'li.s fur piuitcrci'M c 
A;.-’. J., M.il. 1, i.,i. 

: of /.C,i.:i !■, :.■ ■ 

tnhcctrr. N.Y.; Fm; 

" ^1 ir c Sii p., "<< 

uyr.'ipby,” S.ti. J., M 


Ill 

. 77. 


, 1 , 4 


(911 H, Cude fi'ui, Erinne.mnpcn Eines Solduten. 

Germany; Vo.vinkel, 1950. 

(92) i. fiurckowski and .A. Sala, Noktowtvizja (Nitpht Viaionj. 
v/.arsaw, I’olarid: Ministry of National Defense, 1965. 

193] C. K. Molin eux, “I'.iultiband spectra! .system for recorimAsaiice,” 
Tho togrcrnrnetric Eiis., voi. 31. pp. 131-143, 1963. 

(94) C. H. .Strandoerg, Aerrel Oiscovery Afenua!. New York; Wiley, 
1967. 

(95] F. r, \ ost ,and S. Wcndcrotli,* “Mnltispectrel color aerial 
photosrapliy,” Photogranmetric Eng., vol. 33, pp. 1020-1033, 
Nov. 1967. 

(96] “Skydab’s bird’s-eye vievy of Farlh’s resources,” Opt. Spectra, 
vol. 7, pp. 27-35, Apr. 1973. 

(97) 1. L. I’lschclli, D. I... Lind, and O. G. Smitli, “Manning an 
Laith-resnurces survey system in orbit,” ApPronaut. Acroranic., 
vol. 9, pp. 58-65, June 1971. 

1 93] “Skyiiib color portfolio,” Aviot. Week Space Techno!., vol. 99, 
pp. 36-42, Dae. 10, 1973. 

(99) M. R. Holier and V/. 1., \7olfe, “Optical-rnecbtinicttl sca.nnin .5 
tecliniques,” 1‘roc. fRE, vol. 47, pp. 1 546-J 550, Sept. 1959 . 

[100] D. Goctae, ''5tate-<>f-the-r,f t pmojcctic 


ion fc 


infrared e:rth 


1107] 

liGSj 


tfiourcc.s radiornetry,” in AA'e, AiAA Earth Renottree.r Ob- 
sotvauons; and Info'crnotion Syslons AJcetirig. New York: 
Amcr. Inst. Aeronaut. Astronaut., Mer. 2-4, 1970, 

(101) E. Ys. Iv.arizhenskiy and M. M. Miroshnikov, ‘'Ee.'inning gysterris 
for tliernK-J ini.aging devices,” Sov. J. Opt. Tech., vol. 37, 
pp. 6CO-603, Sept. 1970. 

(102) D, S. Lowe niul M. M. Beiiock, “Imaging with rintica! meciiaincel 
sceniier.s from Eaith orbiting spacecraft,” in Rcc. ,-i/AyS Earth 
Resources Observations ante! Information Sys.tcms xdeetine. 
Now York: Amer. Inst. Aeronaut, /sstronaut.. Mar. 2-4, I9'i0.' 

(103) C. A. Klein, “Hierr.i.ai iirfaginy perionnarice of passive iiifr.ired 
scanners,” IEEE Trans. Ceocci. Electron., voi. GE-9, pp. 3 39- 
146, Juiv 1971. 

(104) P. Prvor, ihe perforrTian.ce of ini.igirjg sensors 
Aer(^f7un‘:., vol. 9, j-p. 42-SI, V^ 2 pu 1971. 

{iOS] t’J. V. Sjoboicva, *‘CaJcu!af!oii of the sepTitivTly of i::*! IK 
KWJiTicr/’ Sov. J. Opt. Tech.t vol. 37, pi>. 635-437, Oct. 1970. 

A- Holmes orut R. B. MacDonnkl, “Tbo physical basfo of 
^ systCfiT do.sifd for riirnolc scri'^^ir!-.; in sgi'icult'jr-i',*’ Pwc. Ir.'SiC, 
vol. 37, pp. 629-639, Apr. 1969. ' ' ' . ' 

K. S. l-'u, I>. A. L:^r.cR;iebe, anfJ T. L. rhilli;-.':, 
proces,>inf, of reniotely sensed nsricuiturftl cirUa,“ IVoc. 
voJ. .S7, pp. 639-655, .Apr. 3 969. 

}'. <4. Folceii, If. A. S;>an:.etil, and V/. A, Malida, *‘13oiv mulli- 
spncual sensing can Isclp tiu- ecoloiiisl/* Irt 77 j// SurvciiP:nt 
Scir^nce^ R. K. IloU, Ed. Boston, Houditon MifiEn;, 

1973, pp. :-i4&-359. 

3'.. M, ^‘MSDS: An experiments:! 24-chaaTie! r.auUJ- 

Kpecfifil scanner system/' Iii:.EE '/'rans. GtoscL Electron., vol. 
G:.--9,pp. 3 14-320, July 1971. 

[llOl M. E. futvies and B. C, ?/U!rrpy, ‘'Space observations, tdis- 
rrrr!Cirr,'/T>l, end the U.If./* Asttormut. Aeronaut., vol. 3 0, pp. 
60 -65. S-pt. 1972. 

f Ml I J. I.;, Lijv:^j:ion ind J. Hanessir'jo, Jr., “Hartii-i'‘j;.oi»rce si’-’V?;-.'-*: 
i.n inter uv { iona! fr.unowori: bc:*,iri3 to df.vj? op,” As:rpt:i:ur. 
Acrcrji’P, voi. 9, pp. 30~?5, Sepi. 3971. 

[1!''] M. i.'., I'l /vK'S and ll. C. Murr^'y, JAy- View from Sipc.ee, Kev/ 
York: Coinuibin Univ. Pr>\';s, 19/1. 

'y. ik t.b'u;-:'!, *‘FKTSi So-v'ey»u;)} Earth’s resources frorn sp:-...*/' 
Scftmce, V 2 M. IbO, pp. 49-5i, Apr. 6, 1973; “EHTS (H): n 
v.ay of the Science, vol. tC-O, i..p, ),7i-;73, 

-Apr, )?■, 1773. 

y.. 9. r.k.n'.T.nti, ‘T-P-l'S-l: I'f'ichirif' us a now V'.?.y to 

A Aeronaut., vol. 11, pp. 36-67, .Sspt. 

10 j'vr, ‘"A cloud-cover sjiriuL'.tion proc:i-Jui .-'K\Vo.. ‘Oj*. 
y' t 'O.Vft'ur., vol. 7, PP' So-fS, Aug. 1969. 

J. K. and 17 V. Sn;:»r, “T he use of ?.vid 

cit'i'uAiype stitlsucs in Ihe cto:ji;in and op^^’niiori of rwj.'‘Oi;''_'CO 
'oy Nlv'iii:./* in /'roc. d/.'l Ncf, Coi’f'. ACfOrpc.ee .* I 
V D.C,: Ai.r.t. A<;ron.':ut. As-rnna jc. /.Us;' :r. 

ko 1 . C'i'ok Aoc., May 4-7, 19 /0, pp. 335 -336. 

C. !>. M'.'iiin .;rid H. 1 >. Hycus, ‘‘Utilizaiioa of C'C-n.i skUiNttcs iv 

Y. A'llite application plt.nniny,” 'y:-. Proc. Ath TAct. A-''0- 

rp..ce A ctiOAOiogy. 'oittMirAon, O.C.: Arncr. 1*: ;t. Aeror- ^.^ -. 

A: 4 u -i.k'Am-r. Maiaorol. May 4-7, 1970, j,;.. :N;>.3 ' t. 

' Hduo.M Aonr in t'ne cold wm," Eiectior!ic.i, vcl. 32. p. 2i 
July 10, >939. ... , 

Hciit dUection nruiiiig-mciii'.s of rB.coiiM.rusat.cfi.” 


[M3 I 

1 1 ! • i 
IMS) 
[m:.j 

(iiv; 

(iJ"i 

oh;] 


7 k >■ 7 Apfj^pVed F^r ^ 


; r. 

in.- 


Ab. 19 66. 

prod'. 


p?ce fiCCt'icrjt-.-d/ 


j M' I j 



: CIA-RDP77MaO144R00®3OQOftfl0.17-3 

.n- a.i.:K. . ...lity ,- [ nol D. Q. "SIRS. An en«,ri, 


126 

{! 

[122! vi _ 

vol. 36, p’). 34-5S, Aug. 2, 1963. 

[123] "Infrir-id l;r,a i.cunner,’’ Avi'.tt. ,V, Tn-fmcl. vol 92 

p. 4S. June 29, 1970. 

[ 124 } "West Gtm'sn Kavy," yii/ur. Week Spun: 'J'cehnof vol 94 

p. 13, Hvc. 1 I, 1970. . 1 . ,'..’ 

[125} "Tficlics! strik.i,’’ SpeceJAeronauths, vol. 47, »p. lOS-lj'’ 
Jan. 1967. 

[126] J. L. .McL'joas, "A^ new look from 'J.'l.AF’s '.vesniur sat-ellites," 
.4l> Force vol. 56, p,T. C4-67. 

[127J "US.VF adiDiis weather sitellite ipiitnoii,'’ Avlai. 'ri'evi.- ,7pa<,'(; 

Teclinol., vol. 98, p. J S, Mar. 1 2, 1 973. 

[12B) "Kew weather satellite series planned," Aviat, y.'eek Suace 
Techno1.,yo\. 101, pp. 41-4 7, July is, 1974. 

[129) W. E. Shcnlt and V. V. Salniopson, "VisibU and iiifra.ced 
im.agery from meteorolosical satallites,” Appl Opt., vol. 9, 


PROCIBEDINGS OF THE IEEE. 


, .nie.at to iiieviurs 
t.unpef,'ti:re from 3 sale;;;je,”Appt O/.'f., vol. 9, no 
Ang. 1 970. 

[131j R. W, /V-..theiirier, "Tha remols defection of cie.jr .4 
by Infrared f.adiaiioa," AppL Opt., vo'. 9. u j. 

Aug. 1970 . 

|1j2] j. a. Woods, "S'-ttilile rs’diation measurement* 
turbuletice pvobsbiiiiy,” Scie/ice, vol. 177. on. 

Sept. 22. 1973. 

1 133} B. MUier, ‘’KLIR gaining v/ider service sccept.r,nce,”>iv'.;.7 
Space Tevhnol., vol. 98, pp. 42-49, May 7, 1973; c' 
43-53, May 21, 1973. 

[134] — , ‘‘New roles grow for electro-optics,” .-Sv.’ar, hV.-t; 
TechnoS.,yh^. 92, p;i. lSS-167, June 22. 1970. 

[135) 13. Goldberg, vision systems,” Etccfro-flpr. .V; .v. 

vol. 6, pp. 13-23. Jan. 1974. 


th,r - 
. ITx' 

'•t K.r'r. 
nij. 

.vr-it . ' 
1 143 


i UIjSS/j^HKVij-lak'ssg ti 4 Wil «l 3 > a U E d [.523 iil M-J rC;l ,1 0 


P2_ P '7“[? 

fe t-Tl ■ 


KENNETH WATSON 


, er Invited Paper 


v\- 


'■ ■' ( ; 

1 ‘.7 -v 
’ < • ,. i -T > ■ 

!• 'I ; '. r 
; • 1 Or 


<'i*3 Vay Ud *i \Z;r J ^ .y.ij . V vi” 

’j.* 

• ‘.j.i-s.. -‘rii* 

... v::. i -y - 

1 I ■ A .Jv*. 

'«:ii - 

S ; ‘. iM.i i> 

y; 


j 


■t 

id 


Abitract-lhumcA in.Tered ijnage.s provulc informadon rbout the 
nsAi-surff-ce physi.cd state of j^coicgic materials, p.trticuU-:ly, the den- 
sity, water content, and heat tran-fer, Noiiterre.sttial p!a;’...-tary .studies, 
conducted ft fairly coarse leNoliiiicii, have been usefiil p.rimaiily in 
determining the dhtribution erf rock fragjncnts. Terresir-tl studies, 
conducted from satr-illis atid aircraft &t coarse to fine re.yjln dons, have 
been succcisful for .nionitoring eiintWe volpuii.si.r, dtiir'.caUi.g areas of 
steaming altered ground and hot spring .getrvity, detcctiriT fraetures 
expressed hydrologica’.ly wul tot cgrapiiicaily, and disari -uisirlng a 
virj.ety of geologic materisis witii physical atrd coinposiriorial 
difia/oiieej. 

interpretation of thernirJ iinaae,s is compiu ated by tiie v; tious ty;”-: 
of physioa! piorci-e? involved and commordy ic-t!;.;.'": j.,;. f:.::f.s,-,iejit of 
iTiiny dii'er^nt fc.ttok:.. A simple thcoixlfcai jnr.del svr-s c d in t: i.s 
aiulyfis to provide riufntitr.the Eisciim.ent of so.ne of tiii;..- icciors, to 
predict opti.ncm tines to tc'iuifc (inrmo; d;;;;!, nud to ciHnrnirn 
(lU'Snlftctiva v.,h...-s o' v v-io.fs prop'.rtu's of ten-iu. 

Two g-rdcy’c :.pp’i:„.;'on,; wfic ficdivti. ja cen a p 

r.ii.,ip;r.g .'r.iii >r;'.,-f.i:i! i .■.'o: . k; tuiriai i.-aji.r j . 

tcrtmirtiisj h-v.r c.n!.:iv:-'i,-c roh r .ni, cjpevhriiy i.-, 
stvorcs. rnxe f ‘.ta verc requixei isn.dcr o'jUin:i iv ■' 

ditioiw and r.p -.'ies v, tir? p.;olr,--ic i.iiicr.rii v.e:.^ % „ 

nap.' lie r,.. . .•.r,;nv,U ot the i.irT:'’.tion.s of t.'cj:- tercimirjufss .7W»it 
future studies. 
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iNTKODHCflON 

j^PTICAL-MECflANiC.'.AL .scunners provide the nieans lo 
.-loonitor tSie trniporai r.,' .1 speti.il 'variviii./:-: in itienufj- 
ral theitin! onissio;! from pinittary sionxcs. '] hesc 
variptions, obsvmni at a yrval varivly uf altitudes from lo’v- 

tiro nod.! ir ; , 

Ih. 0 . 11 ., or IS v.fTr tile r-iLioocil Su.vey, -i.s. Vep - ..f 1” lufrre r:rAo;;ic apphtoiiioas at;:' 'msive n 

t.ve Interior, DonuT, Co: J. 80225. . . - 


flying aircraft to orbiting satellites, can be roAd n- 
physicai luoperties of terrain mzlirhi-p .7.:..c ■Vv. , : 
geologic proots.ses v/liich have oecuiTud. Tfi-; Eu: ; 2 -.- 
of the.se data can range from diiect vihu;-'. 
photographic reconUngs of t^te measured 3Gi'.;„ .c 
niques developed in photogeolcgy) to sophiarii!; c. 
processing using modeling analysis and p'-artv::. vc-io" 
techniques. These investigations are Jin.iied, i.c.v.sv-:.. 
complexity of the problem, i.n terms of both £La s 
phenomena and the number of different fseters th'.t A : 
tile result. Of necessity, the inlerpnjtfttion of iheviTAl T. 
(isia has been based on quite sirnpile theoretical irred:’' 
voiving very limiting assitmpcioiu and idtJ. ex; 

.stances (belli ineteoroloyically and .geologic.aliy), Fi:t!.'r. 
fir, amci'ts ill obscp/atio.-ml techiimue and theoretlcci ■ 
will be required in order i;o .apply the techmque ro. rb- ■•', 
Ihc dive.se teirrin conditions found i.r nature. 

1 1'lS i’spe.r doEcribes !?:s devciopinent of one - - 
model lor analysis of the surface ter.ipvratu: e di tr'h 
The rrsuUs [novide a quarti'eCve cstima e of the off ;t 
variou;. geologic, nsateorologic, and topo yapKic .•:■ 
hcTico c:ui be lined as b b-iius for direti ir tcr.orftt.iti-.i". •: 
tb-erma! images. In addition, the mode! i urve.7 c.:: . t- , • 
t.) predict opomiim tirn.;s to require the dam -i-* or i 
e,ahr.ni.,c .spciitic effect.-, and reatufcs. Fin.'; iy, ibj n;'.-' .' 
be used to deieiTninc riv.antitativc vc-lu-e.'; of .’arion ; 


attuiitiori in this papei'. 



